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In September 1954 at the Sedgwick Museum, Cambridge, the writer commenced a study of spores 
and pollen grains from British Jurassic and Lower Cretaceous sediments. The object was twofold; first 


to describe systematically the spores and pollen grains and secondly, to investigate the possibility of 
their use in stratigraphic correlation. 


This paper includes systematic descriptions of 66 species of spores and pollen grains and a state- 


The summary given below outlines the nature of the study in more detail. 


ment of the evidence for subdivision and correlation, by spores and pollen grains, of certain Mesozoic 
sediments, which will serve as a basis for future work. 
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Summary 


As a prerequisite to study of dispersed spores and pollen grains from British Mesozoic sediments, 
previously described spores and pollen grains isolated from fructifications of 88 species of Mesozoic 
plants are listed and discussed. Such spores and pollen grains are here called “associated spores and 
pollen grains”. They are compared with the spores and pollen grains of living plants. In most cases, the 
morphology of the associated spores and pollen grains clearly supports the classification of their 
parent plants. 

Dispersed spores and pollen grains were studied from 100 Jurassic and Lower Cretaceous samples 
in England and Scotland. The Jurassic sediments sampled include the Upper Lias and Middle and Upper 
Jurassic of East Yorkshire, the Lower Lias and Middle and Upper Jurassic of Brora, Scotland, and the 
Middle Jurassic of the Midlands. Upper Jurassic and Lower Cretaceous sediments were sampled from 
the Wealden district, the Isle of Wight, and Dorset. 

Systematic descriptions are given of 66 species of dispersed spores and pollen grains. Eleven new 
genera and 48 new species are proposed. Of the species distinguished, 40 are tentatively assigned 
either to families or to broader taxa of living and fossil plants; the remainder are of unknown affinity. 

The use of dispersed spores and pollen grains in stratigraphic correlation and in interpretation of 
past vegetation and vegetational changes is discussed. Floras from the Jurassic rocks of Yorkshire and 
from the Lower Cretaceous of the Weald district, the Isle of Wight and Dorset are taken as a standard 
of comparison in discussion. In Yorkshire and South England, the following beds appear to be distin- 
guishable from their spore and pollen floras: Lias, Lower Deltaic, Sycarham Beds (Middle Deltaic), 
Gristhorpe Beds (Middle Deltaic), Upper Deltaic, Oxford Clay, Purbeck Beds, Wealden and Lower 
Greensand. A tentative correlation of floras from sediments of less certain stratigraphic position is given, 
based on comparison with the above standard floras. 
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Chapter I - Outline of Stratigraphie 


Text fig. 1 shows the areas from which sediments ranging in age from Lower Lias (Lower Jurassic) 
to Aptian (upper part of Lower Cretaceous) were examined for spores and pollen grains. An outline of 
the stratigraphy of these areas is given below and the correlations adopted in the Jurassic are set out 
in Table 1. The correlations are mainly based on Arkeıı (1933, 1956). 
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Showing standard Jurassic stages of N.W. Europe and probable correlation of sediments sampled for spores and pollen 
grains. The Scarborough Beds and Lincolnshire Limestone were not sampled. Correlations based on ARKELL (1933, 1956). 


Jurassic of the East Yorkshire Coast 


Dispersed spores were studied from the succession of Jurassic beds exposed on the east coast of 
Yorkshire between Whitby and The Wyke. Fox Srrancways and Barrow (1892), ArkeıL (1933) and 
Witson, Hemingway and Brack (1934) gave a detailed description of the stratigraphy of this section. 

The oldest beds sampled were the Jet Rock Series and Alum Shale Series of Upper Lias age, 
exposed from Whitby to Saltwick Bay (see Text. fig. 2 and Text fig. 3, Column 1). 

From Blea Wyke southwards to Yons Nab crop out a full sequence of Middle Jurassic rocks, which 
were extensively sampled (see Text fig. 2 and Text fig. 3, Columns 2—4). 

These rocks consist essentially of deltaic deposits, interrupted at three levels by marine beds. They 
have been known for many years, as the Lower, Middle and Upper Estuarine Series (Fox STRANGWAYS 
and Barrow 1892). Hemincway (1949) proposed a new scheme of classification; he suggested that the term 
“Estuarine” should be abandoned and “Deltaic” substituted because the term “Estuarine” is misleading. 
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Text fig. 1. Map showing areas from which Jurassic and Lower Cretaceous spore 
and pollen samples were examined. 


. Brora district (Lower Lias, Estuarine Series, Oxford Clay, Kimeridge Clay). 
. Skye (Great Estuarine Series). 

. Yorkshire (Upper Lias, Deltaic Series, Oxford Clay). 

. Northamptonshire (Lower and Upper Estuarine Series). 

. Cambridge Observatory Borehole (Upper Estuarine Series). 

. Hastings District (Purbeck Beds, Wealden). 

. Isle of Wight (Wealden, Lower Greensand). 

. Dorset (Purbeck Beds, Wealden). 
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Buack (1929, and in Wırson, Hemincway and BLack 1934) for example, conclusively demonstrated the 
deltaic origin of most of the beds and ARKELL (1933) in a footnote (p.312) suggested the use of the term 
“Deltaic” instead of “Estuarine” for the same reason. 

Hemineway (1949), also proposed that the persistent marine Eller Beck Bed should be substituted for 
the boundary between the Lower and Middle Estuarine (Deltaic) Series in place of the wedging marine 
Millepore Bed of the Scarborough district, which had previously been taken as the boundary between 
these two Series. 

Hemincway’s proposals have been criticised by SYLvESTER BRADLEY (1949) because there is danger of 
confusion in introducing a different stratigraphic boundary for the Lower Deltaic Series from that 


previously applied to the Lower Estuarine Series. He suggested an entirely new classification for the 
Yorkshire deltaic rocks. 


See 


The three schemes of classification noted are set out in full below. 
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Text fig. 2. East Coast of Yorkshire showing approximate positions of Jurassic 
spore and pollen samples. For stratigraphic position of samples see Text fig. 3. 


Disregarding the validity or otherwise of changing a well established stratigraphic name simply 
because of its unsuitability, there can be little doubt that Hemineway’s proposal to consider the Eller 
Beck Bed as the boundary between the Lower and Middle Deltaic Series is stratigraphically sound. 
T. M. Harris has used Hemincway’s proposed boundaries in his more recent publications on the Jurassic 
flora of Yorkshire (1952 and later papers). 

The writer proposes to use Hemineway’s classification but adopts SyLvester BRADLEY’s names 
“Gristhorpe Beds” and “Sycarham Beds” as subdivisions of the Middle Deltaic Series. 

Following conformably on the Middle Jurassic Deltaic Series and well exposed in Gristhorpe Bay 
are the marine Cornbrash, Kellaways Beds, Hackness Beds, Oxford Clay, Corallian and Kimeridge Clay. 
Of these only the Oxford Clay was sampled for dispersed spores (see Text fig. 2 and Text fig. 3, Column 4). 

The sediments sampled for spores and pollen grains from the east coast of Yorkshire are correlated 
approximately with Jurassic sediments sampled elsewhere in Britain in Table 1. The Scarborough Beds 
were not sampled but are included for comparison with the succession in Northamptonshire. 
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Text fig. 3. Stratigraphic columns showing approximate 
stratigraphic position of Yorkshire Jurassic samples. 


Jurassic of Northamptonshire 


The succession of Jurassic rocks in Northamptonshire is as follows (HoLLINGWwoRTH and TayLor 1946, 
p. 208). 


Oxford Clay 
Kellaways Beds 
Cornbrash 
Great Great Oolite Clay 
Oolite Great Oolite Limestone 
Series Upper Estuarine Series 
Inferior Lincolnshire Limestone 
Oolite Lower Estuarine Series 
Series Northampton Sand with Ironstone 


Upper Lias Clay 
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The Lower and Upper Estuarine Series cannot be correlated with certainty with the Deltaic Series 
of Yorkshire. ArkELL (1956, p. 33), placed the Northampton Ironstone (= Northampton Sand with Iron- 
stone) and the Lower Estuarine Series, together with the Dogger, Lower Deltaic Series and marine Eller 
Beck Bed of Yorkshire, in the upper part of the Lower Bajocian. The precise lower and upper limits 
of the Lincolnshire Limestone are not known but according to ArKELL (1956, p. 32) ammonites indi- 
cating the Sonninia sowerbyi zone (the lowest zone of the Middle Bajocian) are known from the lower 
part of the Lincolnshire Limestone. Its upper limit is suggested (p.31) as being Upper Bajocian and 
about the same age as the upper argillaceous beds of the Scarborough Beds of Yorkshire. 

If these correlations are correct, then the Lower and Upper Estuarine Series of Northamptonshire 
are more or less equivalent to the Lower and Upper Deltaic Series of Yorkshire. 

The Northamptonshire Lower Estuarine Series was sampled at Great Weldon, near Kettering 
(sample C 147) from immediately below the Lincolnshire Limestone. A series of three samples (C 122, 
121 and 120), was taken in ascending order through some 22 feet of Upper Estuarine Beds, exposed 
above the Lincolnshire Limestone at Williamson Cliff Brickwords, Stamford. Full details of the above 
samples are given in Appendix A. 


Jurassic of the Cambridge Observatory Borehole 


Details of beds encountered in a borehole put down in 1952 near the site of the future extension of 
the geophysical laboratories at Cambridge (Pucu 1953, p. 13) have not yet been published fully. The 
following succession is taken from a log of the borehole in the Sedgwick Museum, Cambridge. 
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The following samples were examined from the Upper Estuarine Series. 


Sample No. Depth and Field No. 


C 90 OB. 360 06% 

C 85 O.B. 367’ 

C91 O.B. 368’ 

C 86 O7B. 3207672 

C 87 O.B. 374’—376’ 
C 88 O.B. 377—378 


Two samples (O. B. 381’—382’ and O. B. 387 6”—388’) from very leached sediments were also pre- 
pared but yielded no flora. 


Jurassic of the Brora District, N. E. Scotland 


Mesozoic rocks occupy a narrow strip of coast stretching from a few miles north of Helmsdale south- 
wards to Golspie. The outcrop varies in width from a few hundred yards to about three miles. The dip 
is generally N. E. and there is an upward succession to the north of Trias, ? Rhaetic, Lower Lias, Estuarine 
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Series, Oxfordian, Corallian and Kimeridgian sediments. The Middle and Upper Lias and the greater 
part of the Inferior Oolite are assumed to have been cut out by an east-west fault (LEE 1925, p. 66). 

Triassic and possible Rhaetic sediments were not sampled for dispersed spores. 

The Lower Liassic rocks of the area are exposed only for a short distance along the foreshore in 
front of Dunrobin Castle. ArkeLL (1933, p. 150) considered them as about Sinemurian-Pliensbachian in 
age. Dispersed spore samples, C 106 and 107, were obtained from blackish shale bands at the base of a 
thick white sandstone (Bed 1 of Leg, p.70) and from dark micaceous shale (Bed 4 of LEE) respectively. 

Samples from the Estuarine Series were obtained from the Brora Mine by kind permission of the 
Mine Manager (samples C 100, 101, Brora Coal and sample C 104, Parrot Shale) and from black papery 
shales below the Brora Roof Bed, exposed at low tide a little south of Brora (samples C 114, 116). The 
Brora Roof Bed was classed by ARKELL (1956, p. 26) as Lower Callovian and the Estuarine Series 
can be inferred to be immediately older and of about the same age as the Upper Deltaic Series of 
Yorkshire. 

Sample C 108 was collected from Oxford Clay cropping out in the left bank of the the Brora River, 
about ‘/ mile upstream from the Brora Mine and samples C109, 111, 112 from blackish shales in 
Kimeridgian beds exposed on the coast between Loth and Helmsdale. 

ARKELL (1956, p. 27) classed the Great Estuarine Series along with the Upper Deltaic Series of 
beds as Lower Kimeridgian. 

Full details of samples collected from the Brora district are given in Appendix A. 


Jurassic (Great Estuarine Series) of Skye 


The Great Estuarine Series is well exposed in cliffs at Trotternish, on the N.E. coast of Skye, 
where it overlies conformably Inferior Oolite and passes up into marine Callovian (LEE 1920, p. 58). 

The writer had the opportunity of examining samples from the Great Estuarine Series collected by 
Mr. J. D. Hupson, Magdalene College, Cambridge. Only one sample (C 142) from white sandstone in 
Fiurnean Cliff, Trotternish, about 50 feet stratigraphically above beds considered to belong to the 
garantiana zone of the Upper Bajocian, yieided spores and pollen grains. The other sediments examined 
had been baked by Tertiary lava flows and yielded no spores and pollen grains. 

ARKELL (1956, p.27) classed the Great Estuarine Series along with the Upper Deltaic Series of 
Yorkshire as Bathonian. 


Purbeck-Wealden of Dorset, Isle of Wight and Wealden District 


A summary of the geology of Dorset and the Isle of Wight and of the Wealden District was given 
by Cuatwin (1948) and Epmunps (1948) respectively. Both publications give references to more detailed 
accounts of the geology. 


Purbeck Beds 
(a) Dorset 


The Purbeck Beds are exceptionally varied, ranging from freshwater to terrestrial beds, with 
estuarine and marine intercalations. They are best developed in the Isle of Purbeck where divisions of 
Lower, Middle and Upper have been established (see ArkEeLz 1947, p. 124). The Lower Purbeck Beds are 
strictly conformable with the underlying Portland Stone; there is, however, an abrupt lithological and 
palaeontological change. The Upper Purbeck Beds (Jurassic) pass gradually into Wealden (lower Creta- 
ceous) beds and there is no definite line of division between them. 

The writer has not made a systematic collection of spore and pollen samples from the Dorset Pur- 
beck Beds. Two samples only were examined to see whether they would yield spores and pollen grains. 
The samples (C 153, 154) are from Lower and Middle Purbeck Beds respectively, at Durlston Bay, the 
type section of the Purbeck Beds, near Swanage (see ArKELL 1947, p.136). Full locality details are given 
in Appendix A. 
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(b) Wealden District 


Purbeck Beds crop out only over a limited area in the Wealden District, but have been proved over 
a wider area by borings. 

Three samples, C 127, 134, 135, were examined from Purbeck Beds at Mountfield Gypsum Mine 
near Battle, Sussex, through the courtesy of Mr. F. Howirr. These beds cannot be correlated precisely 
with those in the type locality, but they are probably Middle and Upper Purbeck in age. 


Wealden Beds 
(a) Dorset and Isle of Wight 


The Wealden Beds are subdivided into two contrasting lithological types; Wealden Marls and Sand- 
stones below and the much thinner Wealden Shales above. The Marls and Sandstones comprise almost 
the whole of the Wealden (about 2,300 ft.) at Swanage Bay, Dorset. Sample C 125 was taken at this 
locality from the upper part of the Wealden Marls, north of Ravine (see ArKELL 1947, Text fig. 36, p. 155). 
At Worbarrow Bay, Dorset, the overlying Wealden Shales are not present and the whole exposure is 
classed as Wealden Marls and Sandstones (ArKELL 1947, p. 150). Samples C 124, 148 were obtained from 
this locality from the middle of Bed 28 (ArkeıL 1947, p. 157). 

In the Isle of Wight, 550 ft. of Wealden Marls are exposed, but their total thickness is unknown. The 
overlying shales are considerably thicker than in Dorset, reaching 192 ft. at Atherfield. 

Both divisions of the Wealden were sampled at the Isle of Wight. Sample C 139 is from the upper 
part of the Wealden Marls, exposed at Yaverland near Sandown, and sample C 18, from about the same 
horizon, is from Compton Bay. Sample C 137 is from the lower part of the Wealden Shales at Shepherds 
Chine, Atherfield (see CHatwin 1948, p. 44, fig. 18). 

Full details of the above localities are given in Appendix A. 


(b) Wealden District 
The Wealden is subdivided as follows (Epmunps 1948, p. 21). 


(Lower Greensand—Aptian) 
Weald Clay (400—1400 ft.) 
Tunbridge Wells Sand (130—400 ft.) 
Wadhurst Clay (100—220 ft.) 
Ashdown Sand (160—700 ft.) 
Fairlight Clay (0—400 ft.) 

(Purbeck Beds) 


The Fairlight Clay is well exposed in the cliffs east of Hastings, reaching a maximum thickness of 
400 ft. at Fairlight. It then thins out rapidly northward and westward and is partly replaced and partly 
overlain, by the Ashdown Sand. Most of the fossil plants previously described from the Wealden have 
been collected from the Fairlight Clay. 

The Wadhurst Clay follows conformably on the Ashdown Sand and consists mainly of thin and often 
rhythmic alternations of grey and bluish-grey sand and shale with minor silt and sandstone. A soil 
band crowded with equisetalean rhizomes commonly occurs near the base. 

The Tunbridge Wells Sand is largely deltaic in origin and consists mainly of quartzose sand. 

The Weald Clay is the thickest of the subdivisions of the Wealden and is generally shaly in nature. 
The uppermost beds indicate the onset of marine conditions that prevailed during deposition of the 
overlying Aptian Lower Greensand. 

Samples C15, 14, 12, 156 were collected in ascending order through the Fairlight Clay, east of 
Hastings. 

Sample C 129 is from the middle part of the Ashdown Sand at Cliff End. 
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Sample C 136 is from clay — probably Wadhurst Clay — at Cooden beach, Bexhill, west of Hastings, 
while C 132, from a depth of 139—-142 ft. in White’s Bridge Borehole, near Horsham, Sussex, is con- 
sidered to be from Tunbridge Wells Sand. 

Sample C 131, is from Weald Clay at a depth of 300—400 ft. in the Brabourne Borehole (see Lamp- 
LucH and Kircuin 1911, p.37). Samples 132 and 131 were supplied by kind permission of the Director 
from specimens in the Geological Survey Museum, London. 

Besides the above samples, most of which can be placed with confidence in the various divisions 
of the Wealden, two samples, C 128 and 133, from Kingsclere No. 1 Borehole (D’Arcy Exploration Co.) 
were also examined. The correlation of the Wealden Beds encountered in this borehole is not precise 
(see Lees and Taitr 1945, p. 258). 

Full details of the above Wealden samples are given in Appendix A. 


Correlation of the Wealden with the Marine Sequence 


ARKELL (1947, p. 150—151), commented as follows: “The precise position of the Wealden Beds in 
terms of the Continental marine sequence of Infra-Valanginian, Valanginian, Hauterivian and Barre- 
mian is unknown. Comparison with Northwest Germany suggests that only the lowest Neocomian is 
represented, namely, the Infra-Valanginian and Valanginian. It is possible, however, that there is an 
important break between the Variegated Marls and Sandstones and the Wealden Shales and that the 
latter belong to a much later period of the Neocomian. This is suggested by the occurrence of two 
characteristic Lower Greensand lamellibranchs in the Wealden Shales of Kent and Surrey; the oyster 
Exogyra sinuata is locally abundant near Ashford and Cardium ibbetsoni Forges has been found 25 ft. 
down in the Wealden Shales near Reigate.” 

ALLEN (1955, p. 265) quoted the occurrence of Cardium ibbetsoni in the upper part of the Wealden 
Beds and the brackish to marine facies of these beds as indicating that they are passage beds to the 
overlying Aptian Lower Greensand. He considered, however, that there are no important breaks in the 
Wealden succession as a whole and that it probably represented most of Infra-Valanginian, Valanginian, 
Hauterivian and Barremian times. 


Aptian (Lower Greensand) of the Isle of Wight 
As noted above, the Lower Greensand is considered to be strictly conformable on underlying 
Wealden Beds. Ossorne WHITE (1921) described the stratigraphy of the Lower Greensand in detail. 


The samples examined (C 138, 155, 157, 158, 159) are all from the Sandrock Series of the ‘Lower 
Greensand. 


Full details are given in Appendix A. 


Chapter II - Stratigraphic Palaeobotany 


Methods of Stratigraphic Correlation 
Two methods of stratigraphic correlation by dispersed spores and pollen grains are available, usually 
the one supplementing the other. They are: 


1. Correlation by species with a restricted stratigraphic range. Such species are referred to in this 
paper as “key forms”. 


2. Correlation by changes in the relative abundance of certain species, which are not necessarily 
key forms. 


Abietineaepollenites dunrobinensis 
Monosulcites subgranulosus 
Cingulatisporites scabratus 

C. rigidus bebo 
Calamospora mesozoica* 
Todisporites major* : 
Concavisporites SUB OF oiulosies 
Matonisporites phlebopteroides 


Todisporites minor* 
Klukisporites variegatus* . 
Trilites bossus F 
Monosulcites carpentieri 
Eucommiidites troedssonii* 
Spheripollenites scabratus* . 


Leptolepidites major f 
Cingulatisporites SUN ; 
Gleicheniidites senonicus* 


Perotrilites rugulatus . 

Trilites equatibossus 
Lycopodiumsporites eng 
Pilosisporites brevipapillosus 
Lygodioisporites perverrucatus 
Cingulatisporites dubius 
Concavisporites variverrucatus 
Cingulatisporites pseudoalveolatus 


Foveotriletes microreticulatus 
Parvisaccites enigmatus* 
Pteruchipollenites microsaccus 


Foveotriletes irregulatus 


Klukisporites pseudoreticulatus . 
Trilobosporites bernissartensis* . 
Pilosisporites trichopapillosus* 
Cingulatisporites complexus 
Cicatricosisporites dorogensis* 


Trilobosporites apiverrucatus* 
Peromonolites asplenioides 
Appendicisporites tricornitatus* 
Cicatricosisporites brevilaesuratus* 
Concavisporites punctatus* 
Cingulatisporites valdensis* . 
Parvisaccites radiatus* 
Clavatipollenites hughesii* 
Spheripollenites psilatus 


Cingulatisporites foveolatus 
Trilites distalgranulatus 


(5 localities) 


Lower Deltaic 
(8 localities) 


63 
75 
12 
12 
100 
100 


Table 2. Showing known stratigraphic ranges of “key forms 


(see text for explanation). 


Sycarham Beds 


(8 localities) 


100 
12 
25 
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100 


37 
20 
25 


Gristhorpe Beds 
(20 localities) 


100 


Upper Deltaic 
(28 localities) 


Oxford Clay 
(2 localities) 


100 


100 


50 


50 
50 


Kimeridge Clay 
(3 localities) 


33 
33 
100 


33 
100 


33 


100 
100 


Purbeck Beds 
(5 localities) 


20 
80 
100 


20 
60 


80 
20 


60 
80 
40 
20 
100 


(16 localities) 


Wealden Beds 


12 
50 
19 


31 
100 


75 
19 


50 
69 
82 
12 
100 


63 
38 
56 
63 
82 
63 
94 
44 
19 


Lower Greensand 


(5 localities) 


60 


40 
100 


40 


100 
100 


» in British Jurassic and Lower Cretaceous sediments 
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The first method generally finds its greatest application in broader, long range correlation, while 
the second tends to be of more local application and often allows a finer subdivision than is possible with 
key forms. Most pollen analytical subdivisions of Quaternary sediments, for example, are based on the 
second method. 


Correlation by Key Forms 


Key forms of fossil spores and pollen grains are here considered to be those with more or less 
determined stratigraphic ranges. It would be unwise to claim, however, that the stratigraphic ranges 
of all the key forms listed in Table 2 are known precisely. 


The relative stratigraphic importance of the various key forms can be assessed by assigning to each 
form a locality frequency figure, as suggested by T. M. Harris (1952). For each key form, a percentage 
figure is found, based on the number of localities from a given rock unit in which that species is present. 
The relative abundance of the species at the localities is unimportant. For example, as is shown in 
Table 2, the schizaeaceous spore, Cicatricosisporites dorogensis, is present in all samples from the Purbeck 
Beds, Wealden and Lower Greensand. That is, in each case, its locality frequency is 100%. It was not 
identified in any sample from a total of 74 Kimeridgian and older localities. No samples were examined 
from the Portland Beds, so that its precise lower stratigraphic limit cannot be given, but any sample 
containing C. dorogensis can be said to be almost certainly post — Kimeridgian in age. Conversely, 
Trilites bossus, is known at present only from the Middle Jurassic, but its greatest locality frequency 
is 12% and it is quite possible that study of further Jurassic sediments may extend its range. 

Even more reliance can be placed on a key form if, besides having a high locality frequency, it is 
also widespread geographically. Species marked with an asterisk in Table 2 fall into this category and 
should be extremely useful in correlation (see Tables 3—10 for the detailed distribution of these species). 


Correlation by Changesin Relative Abundance 


The type of sampling used in this preliminary survey was not intended for detailed study of changes 
in relative abundance. For such a study, samples should be taken much more closely, perhaps almost 
foot by foot in sediments such as the Yorkshire Deltaic sequence. Nevertheless, changes in relative 
abundance of certain groups of spores and pollen grains have been established. 

As is made clear in most text books on Quaternary pollen analysis (ERDTMAN 1943, FAEGRI and 
Iversen 1950, for example), correlations are based on changes in relative abundance of carefully selected 
species or species groups of pollen grains. These are mainly pollen grains of forest trees, supplemented 
by those of ecologically significant plants. Changes in the relative abundance of these forms almost 
certainly reflect important vegetational changes, due primarily in Quaternary times to changing climatic 
conditions. 

Although the botanical affinity of Mesozoic spores and pollen grains cannot be determined as pre- 
cisely as those in Quaternary sediments, the changes in the relative abundance of the coniferous species 
Abietineaepollenites spp., Tsugaepollenites mesozoicus, Classopollis torosus and Araucariacites australis 
set out in Text figs. 4 and 5 probably reflect important vegetational changes in Mesozoic times. 

Remains of ferns, particularly of tree ferns and Osmundaceae are abundant both as macrofossils 
and microfossils in Jurassic sediments. Ferns are a very important element in present day New Zea- 
land forests and judged by the abundance of their fossil remains they were probably equally important 
in Mesozoic forests. Thus, the changes in relative abundance of Cyathidites minor and “Osmundaceae” 
recorded in Text fig. 4 may be of more than local importance. The role played by the plants producing 
Monosulcites minimus (probably representing Ginkgoales and Cycadales) in the Mesozoic forest and the 
botanical significance of the changes in their relative abundance shown in Text fig. 4 is difficult to judge. 


Text fig. 4. 

Showing relative abundance 

(expressed as percentages) of 

selected species and species 

groups in Jurassic samples. 

Standard Curves (see text for 

explanation). 

1 = Abietineaepollenites 
microalatus and A. mini- 
mus 

= Tsugaepollenites meso- 
zoicus 

= Classopollis torosus 

= Araucariacites australis 

= Monosulcites minimus 

= Cyathidites minor 

= “Osmundaceae” (Osmun- 
dacidites wellmanii, Todi- 
sporites major, T. minor) 
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Text fig. 5. 

Showing relative abundance 
(expressed as percentages) of 
selected species and species 
groups in Jurassic samples. 


1 = Abietineaepollenites 
microalatus and A. mini- 
mus 

2 = Tsugaepollenites meso- 
zoicus 

3 = Classopollis torosus 

4 = Araucariacites australis 

5 = Monosulcites minimus 

6 = Cyathidites minor 

7 = “Osmundaceae” (Osmun- 
dacidites wellmanii, Todi- 
sporites major, T. minor) 
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Text fig. 6. Showing relative abundance (expressed as percentages) 

of selected species and species groups in Lower Cretaceous samples. 

1 = Abietineaepollenites microalatus and A. minimus 

2 = Parvisaccites radiatus 

3 = Cyathidites spp. 

4 = “Other ferns” (species marked with an asterisk in Table 10 are 
included in this group) 


The relative abundance curves set out in Text fig. 4 have been used as a standard for comparison with 
curves based on isolated samples. In the case of the Lower Deltaic, Gristhorpe Beds and Upper Deltaic 
of Yorkshire, samples from the same sequence of beds in different localities were available for com- 
parison with the standard curves. The curves obtained for these duplicate samples, which confirm the 
trends shown in the standard curves, are set out in Text fig. 5, together with the results of counts from 
Jurassic samples from Brora, Skye, the Midlands and from the Cambridge Observatory Borehole. 


Text fig. 6 shows changes in the relative abundance of the two coniferous genera, Abietineaepollenites 
and Parvisaccites and of Cyathidites and “Other Ferns” in a sequence of samples from Wealden of the 
Hastings district and Dorset and from Wealden and Aptian of the Isle of Wight. Species included in 
“Other Ferns” are marked with an asterisk in Table 10. Gleicheniidites senonicus was not included in 
“Other Ferns” because in some samples it is extremely abundant (probably due to local over-represen- 
tation) and tends to mask the overall trends. It is noteworthy, that the Recent species Gleichenia circi- 
nata is often locally a dominant member of bog and swamp communities in New Zealand. In Recent and 
Quaternary peats its spores vary greatly in number in samples from the same horizon over one peat area. 
For this reason, its spores are generally excluded from relative abundance curves designed to detect 
vegetational changes (Couper and Harris, in FLEMING 1953, p. 160 et seq.). 


In Text figs. 4—6, the relative abundance curves are drawn from the numbers of the selected forms 
identified in the routine examination of samples (see Chapter III). These figures are set out in Tables 3—10. 
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Table 3. Showing distribution of species and number of specimens identified in Liassic samples. 
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Table 4 Showing distribution of species and number of specimens identified in Yorkshire Lower Deltaic and Kettering 
Lower Estuarine (C 147) samples. 
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Table 5. 
Showing distribution of species and number of specimens identified in Sycarham Beds (lower Middle Deltaic) samples. 
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Table 6. Showing distribution of species and number of specimens identified in Gristhorpe Beds (upper Middle 
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Table 7. 
Showing distribution of 
species and number of 
specimens identified in 
Yorkshire Upper Deltaic 
samples. 


Palaeontographica. Bd. 103. Abt. B. 
ad p. 92. 
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Table 8. Showing distribution of species and number of specimens identified in Upper Estuarine and 
Great Estuarine samples. 
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e 10. Showing distribution of species and number of specimens identified in Lower Cretaceous samples. Species marked 
os with an asterisk are included in “other ferns” in Text fig. 6. 
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Correlation of British Mesozoic Sediments 


Floras from the following sediments appear to be distinguishable from one another. 


Lias (Yorkshire and N. E. Scotland) 


Floras from the Lower Lias of the Brora district and from the Upper Lias of Whitby are similar 
in overall composition (Text fig. 4). They are the only floras so far examined in which winged coniferous 
pollen grains (Abietineaepollenites spp.) and Araucariacites australis and Classopollis torosus are approxi- 
mately equal in abundance. Abietineaepollenites dunrobinensis, Cingulatisporites scabratus and Mono- 
sulcites subgranulatus are known only from the Lower Lias. Further work may allow a subdivision of 
Liassic floras. 


Lower and Middle Deltaic Series (Yorkshire) 


The flora of the Lower and Middle Deltaic Series considered as a whole appears distinguishable 
from that of the overlying Upper Deltaic Series (see below). It is separated from the Liassic flora by 
the presence of the key forms Klukisporites variegatus, Spheripollenites scabratus, Todisporites minor 
and Eucommiidites troedssonii, which make their first appearance in the Lower Deltaic. The latter 
species was, however, originally described from Liassic sediments in N. W. Scania (see Chapter V) and its 
absence from British Liassic sediments should perhaps be regarded as not definitely proven until more 
Liassic samples have been examined. 

The flora of the Sycarham Beds (lower part of the Middle Deltaic) cannot readily be distinguished 
from that of the Lower Deltaic. As can be seen from Table 2, there are no key forms confined to the 
Sycarham Beds. Leptolepidites major, Gleicheniidites senonicus and Cingulatisporites problematicus are 
not known from the Lower Deltaic, but their locality frequency is low and their stratigraphic range may 
be extended with further work. 

Abietineaepollenites spp. appear more rare and Classopollis torosus and Cyathidites minor more 
abundant in most Sycarham Beds samples, but further work is necessary to show whether the two sets 
of beds can be consistently separated. 

The flora of the Gristhorpe Beds (upper part of the Middle Deltaic) both from the type section at 
Gristhorpe and from Cloughton Wyke, appears to be distinguishable from those of the underlying 
Sycarham Beds and Lower Deltaic Series by the relative abundance of Monosulcites minimus and 
Osmundaceae (see Text figs. 4, 5). A number of species, including Lycopodiumsporites gristhorpensis, 
are known only from the Gristhorpe Beds and younger sediments but their locality frequency is so 
low that they have little correlative value (see Table 2). 

The Lower Estuarine Series at Great Weldon, near Kettering, is considered to be of about the same 
age as the Lower Deltaic Series of Yorkshire (see Chapter I). The flora from the one sample examined 
(C 147) is reasonably distinct from and almost certainly older than the flora of the Gristhorpe Beds (see 
Text figs. 4, 5). The rarity of Cyathidites minor and to a lesser extent, the comparative abundance of 
Abietineaepollenites spp. supports the correlation with the Lower Deltaic, but the evidence is by no 
means conclusive. The presence of Cingulatisporites rigidus, known elsewhere only from Lower Deltaic 
and Liassic sediments is additional evidence of a pre-Middle Deltaic age. 


Upper Deltaic Series (Yorkshire) 


The Upper Deltaic flora is readily separated from the Middle and Lower Deltaic floras by the 
presence in most samples of Parvisaccites enigmatus and Pteruchipollenites microsaccus (not known in 
the underlying beds). The comparative abundance of Abietineaepollenites spp. and, in most samples, 
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Tsugaepollenites mesozoicus, together with the rarity of Classopollis torosus and Araucariacites australis 
(compared with Middle and Lower Deltaic floras), further characterises the Upper Deltaic flora (see 
Text fig. 4). 

It can also be seen from Text fig. 5 that samples from the Great Estuarine Series of Brora and Skye, 
and from the Upper Estuarine Series of the Midlands and the Cambridge Observatory Borehole, all of 
which are considered to be of about the same age as the Upper Deltaic of Yorkshire (see Chapter I), have 
floras very similar to that of the Upper Deltaic. The similarity of the floras, both in the species present 
and in their relative abundance, over a wide geographic range, suggests that the Upper Deltaic flora as 
defined above may have definite stratigraphic value. 


Kimeridge and Oxford Clay 


The samples examined from the Kimeridge and Oxford Clay are not particularly rich in species or 
in number of specimens so that the stratigraphic value of the differences in composition cannot be 
accurately assessed. It thus seems preferable at present to group these floras together. 

Both floras are characterised by Foveotriletes irregulatus, which is not known from older or younger 
beds. They are readily separated from the Purbeck flora by the absence of a number of important Pur- 
beck key forms (see Table 2) as well as by the comparative rarity of Classopollis torosus which is extremely 
abundant in the Purbeck beds (see Text fig. 4). They are generally similar to the Upper Deltaic flora of 
Yorkshire, but the comparative abundance of Cyathidites spp., Monosulcites minimus and Todisporites 
spp. and other osmundaceous species in the Upper Deltaic flora serves to distinguish them. 


Purbeck Beds 


The Purbeck flora is separated from all older floras by the incoming of Cicatricosisporites dorogensis, 
Trilobosporites bernissartensis, Pilosisporites trichopapillosus and Klukisporites pseudoreticulatus (see 
Table 2). The marked dominance of Classopollis torosus distinguishes it from the otherwise rather similar 
Wealden floras. Classopollis torosus is either absent or very rare in most Wealden floras. In a few floras 
it is relatively common but never dominant. 


Wealden 


The Wealden flora is distinguished from the older floras by the incoming of a number of important 
key forms (see Table 2), in particular, Concavisporites punctatus, Trilobosporites apiverrucatus, Parvi- 
saccites radiatus, Appendicisporites tricornitatus, Cicatricosisporites brevilaesuratus and Cingulatisporites 
valdensis. The easily recognisable species Cicatricosisporites dorogensis, Pilosisporites trichopapillosus 
and Trilobosporites bernissartensis, which make their first appearance in the Purbeck Beds, are also 
extremely characteristic of the Wealden flora. 

Subdivision of the Wealden is more difficult. Many of the species range throughout to the Lower 
Greensand and only comparatively few like Appendicisporites tricornitatus, Trilobosporites ber- 
nissartensis, T. apiverrucatus, Cingulatisporites complexus, Clavatipollenites hughesii, Peromonolites 
asplenioides and Spheripollenites psilatus apparently have more limited stratigraphic ranges. The marked 
increase in relative abundance of winged grains and the corresponding decrease in relative abundance 
of tree fern spores (Cyathidites spp.) in floras from older to younger beds shown in Text fig. 6 appears 
to indicate a vegetational change and may be of stratigraphic importance. 

Floras from the Fairlight Clay and Ashdown Sand are characterised by the relative abundance of 
Cyathidites spp. and appear distinguishable from those of the overlying Wadhurst Clay and younger 
beds. It should be noted also that Appendicisporites tricornitatus, which is comparatively widely dis- 
tributed in younger beds, makes its first appearance only in the upper part of the Fairlight Clay 
(sample C 156). 
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Floras from the Wadhurst Clay and Tunbridge Wells Sand of the Hastings district are generally 
similar to those of the upper part of the Wealden Marls of the Isle of Wight and Dorset. The presence 
of Peromonolites asplenioides and Clavatipollenites hughesii in most Wealden Marl floras suggests that 
the Wealden Marls are younger than the Wadhurst Clay and Tunbridge Wells Sand in which they are 
absent. In Text fig. 6, the upper Wealden Marls are thus placed above the Tunbridge Wells Sand, but 
there is no stratigraphic evidence to support such a grouping. 


The flora from the Wealden Shales of the Isle of Wight (C 137) is rather similar in overall com- 
position to that of the underlying Wealden Marls. Spheripollenites psilatus, however, is not known from 
older beds and Parvisaccites radiatus is relatively more abundant than in the two Wealden Marls floras 
examined from the Isle of Wight. Further work is necessary to confirm whether the floras from the two 
sets of beds are consistently separable over a wider area. 


Judged by the abundant specimens of Abietineaepollenites spp. and Parvisaccites radiatus and the 
presence of Peromonolites asplenioides and Clavatipollenites hughesii, samples C 131 from the Brabourne 
Borehole and C128 from the Kingsclere Borehole are almost certainly younger than the Ashdown Sand 
and are probably younger than the Wealden Marls. Sample C 131 was classed as belonging to the Weald 
Clay (Lampiucn and Kircuin 1911, p.37). Sample C 133, from the Kingsclere Borehole is about 300 feet 
stratigraphically below C128. Its flora does not compare closely with any other flora so far examined 
from the Wealden, although it could possibly be regarded as an extreme form of the type of flora found 
in the Fairlight Clay, which is dominated by fern spores. 


Sandrock Series, Lower Greensand, Isle of Wight (Aptian) 


The Lower Greensand samples are from a comparatively limited area so that further work is 
necessary to show whether the flora is of more than local stratigraphic importance. 


All samples are characterised by the presence of Cingulatisporites foveolatus and Trilites distal- 
granulatus, which are not known from older beds (see Table 2) and by the relative abundance of the 
winged coniferous grains, Abietineaepollenites microalatus, A. minimus and Parvisaccites radiatus com- 
pared with the Wealden floras (see Text fig. 6). 


Vegetationand Vegetational Changes 


Of the 66 species of spores and pollen grains described in Chapter V from Jurassic and Lower Creta- 
ceous sediments, 40 are tentatively placed into families or broader taxa of Recent and fossil plants. Those 
represented by spores are; Sphagnaceae, Lycopodiaceae, Marattiaceae, Equisetales, Osmundaceae, 
Schizaeaceae, Gleicheniaceae, Dicksoniaceae ? or Cyatheaceae ?, Matoniaceae and Cheiropleuriaceae. The 
remaining species are classed as “Filicales — Incertae Sedis” or “Spores — Incertae Sedis”. Those 
represented by pollen grains are; Araucariaceae, Taxodiaceae, Caytoniales and “Mesozoic Pteridosper- 
mae”. The other pollen species can only be classed as “Coniferales” and “Gymnospermae — Incertae 
Sedis”. 

Detailed discussion of the spore and pollen species placed in the above families and their probable 
parent plants will be found in Chapters IV and V. 

No definite angiospermous pollen grains were noted. Eucommiidites troedssonii ERDTMAN, for which 
an angiospermous origin was suggested (ERDTMAN 1948) was discussed in detail by Couper (1956) and 
evidence was put forward that it is just as likely to be of gymnospermous origin (see also Chapter V). 
Clavatipollenites hughesii, from the Lower Cretaceous, is similar in exine sculpture and general mor- 
phology to the pollen grains of some Recent angiospermous families, notably those of some species of 
the dicotyledonous family, Chloranthaceae and the Liliaceae (see Chapter V). The evidence is not con- 
clusive and it seems fair to claim that for stratigraphic purposes, British Jurassic, Wealden and Aptian 
sediments can be considered as lacking in angiospermous pollen grains. 
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The writer does not propose to comment at length on records of possible angiospermous pollen 
grains in pre-Upper Cretaceous sediments outside of Britain beyond saying that many such records 
appear to be based on the presence of a single grain or very rare grains, with the consequent risk that 
they are due to Recent contamination. Other records are based on the misinterpretation of spore and 
pollen grain morphology. The writer (1955), has shown for example, that Poroplanites PrLuG is almost 
certainly a folded fern spore. Kuyt, MuLLer and WATERBOLK (1955, p. 59) suggested a possible angiosper- 
mous origin for pollen grains described here as Classopollis torosus. Identical grains are, however, 
known from fructifications of the coniferous plant, Pagiophyllum connivens (see Chapter IV). 

In Britain, two records of supposed pre-Upper Cretaceous angiosperms can be noted. STOPES 
(1912), described angiospermous wood from the Lower Greensand (Aptian). Although Sropes’s identi- 
fication of angiospermous wood is not questioned, there is some doubt as to whether the specimens were 
accurately localised (Storrs 1918, p.77). Simpson (1937, p.673) suggested an angiospermous origin for 
certain pollen grains from the Middle Jurassic Brora coal in N.E. Scotland. The writer also examined 
samples from the Brora coal but found no trace of angiospermous pollen grains. Through the courtesy 
of Dr.Sımpson, his actual figured specimens were examined. In the writer’s opinion they are folded 
araucarian pollen grains. The features interpreted as indicating “a third furrow and operculum” in Text 
fig. 2d of Sımpson’s paper are almost certainly folds in the exine of an araucarian pollen grain and can 
be matched perfectly in Recent araucarian grains. A detailed discussion of Sımpson’s Brora specimens is 
at present being prepared for publication. 


Sporesand Pollen Grainsas Indicators of Vegetational Changes 


T. M. Harris (1952, p. 209) considered the plant macrofossils of the Yorkshire Deltaic Series to be 
mainly of local origin. It is likely, that with a few exceptions, such as drifted wood in marine deposits, 
plant beds generally are comprised mostly of species which grew at, or close to the site of accumulation. 


On the other hand, reports of the great distances travelled by the pollen grains of Recent wind 
pollinated plants are common in the literature and it is highly probable that the parent plants of many 
fossil spores and pollen grains may have been growing many miles from the site of accumulation. Thus, 
while spores and pollen grains may not always allow such a precise determination of botanical affinity, 
nor the recognition of as many species, as do plant macrofossils, they can often give a somewhat broader 
picture of vegetational changes. 

Most formations of the British Jurassic and Lower Cretaceous have reasonably distinct spore and 
pollen floras and it can be inferred that the vegetation changed during their deposition. The greatest 
vegetational change undoubtedly occurred at the end of the Jurassic, for less than half of the spore and 
pollen species from the Jurassic extend into the Lower Cretaceous. 

Besides such an obvious vegetational change, the variation in the relative abundance of the coni- 
ferous pollen species Abietineaepollenites microalatus, A. minimus, Araucariacites australis, Classo- 
pollis torosus and Tsugaepollenites mesozoicus, in the Middle and Upper Jurassic, almost certainly 
reflects the changing role of their parent plants in the vegetation of that period (see Text fig. 4). 

Generally speaking, during most of the period of time occupied by the deposition of the Lower and 
Middle Deltaic Series of Yorkshire, araucariaceous plants (represented by Araucariacites australis) and 
related forms (represented by Classopollis torosus) were probably a more important element in the forests 
of the time than “pinaceous” plants (represented by Abietineaepollenites microalatus and A. minimus). 
In the Upper Deltaic Series and throughout most of remaining Middle and Upper Jurassic time, the posi- 
tion is reversed and araucariaceous plants and related forms appear to have played a minor role in the 
vegetation. Tsugaepollenites mesozoicus becomes abundant during this period of time and along with the 
parent plants of Abietineaepollenites and the taxodiaceous pollen species, Perinopollenites elatoides 
(which is relatively abundant right throughout the Jurassic) probably formed an important part of the 
forest vegetation. 
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At the end of the Jurassic, during Purbeck time, Abietineaepollenites spp. again became relatively 
rare and the spore and pollen flora is dominated by Classopollis torosus (but with only rare Araucariacites 
australis), indicating a marked vegetational change. The Purbeck vegetation was short lived since in the 
immediately overlying Wealden beds C. torosus is either very rare or absent. Some species characteristic 
of Wealden floras make their first appearance during Purbeck times (see Table 2). 


The probable vegetational changes in Jurassic forests suggested by changes in the relative abundance 
of various species of coniferous pollen grains, form a reasonably consistent pattern; a pattern into which, 
moreover, floras from samples of about the same age but from widely separated localities fit extremely 
well. The cause of the vegetational changes is not known. 


Comparison with Plant Macrofossil Evidence of Jurassic and 
Lower Cretaceous Vegetation 


SEWARD (1895, p. 240; 1941, p. 384) discussed the early Cretaceous vegetation as reconstructed from 
plant macrofossils and concluded that it was strikingly like that of the Jurassic. He commented (1895, 
p. 240); “the evidence of palaeobotany certainly favours the inclusion of the Wealden rocks in the Jurassic 
series.” 

The Wealden spore and pollen flora is, however, quite distinct from that of the Jurassic. Both have 
an abundance of gymnosperms and ferns and are lacking in angiosperms, and from this very general 
point of view, Seward’s comments can perhaps be justified in part. It seems preferable, however, to 
consider the Wealden vegetation as intermediate in character between typical Jurassic and typical 
Upper Cretaceous (angiospermous) vegetation. 


Chapter III - Study of Fossil Spores and Pollen Grains 


Preparation of Material 


The writer (1953, p. 16, and unpublished data), has found that the various methods of preparation 
used in Quaternary pollen analytical studies (Erprman 1943, Farcri and Iversen 1950) do not give satis- 
factory results in the study of most older sediments. The samples were prepared by maceration in 
potassium chlorate and concentrated nitric acid followed by a short alkali treatment. Most samples con- 
tained mineral matter so that treatment by hydrofluoric acid was necessary. 


An outline of the treatment followed is set out below. 


1. Two to three grams of material, ground to a grain size of about 0.5 mm, were treated by cold, dilute HCL (about 
10°/o) to remove calcareous matter. 

2. Treatment by cold, commercial grade HF to remove other mineral matter. 

3. A short (10 minute) treatment by warm, dilute HCl. 

4. Maceration by KCI1O3 and concentrated HNO; (commercial grade). 

5. Treatment by very dilute NH,OH for about 10 minutes. 

6. Material mounted in glycerine jelly. 


After each step of the chemical treatment, the material was centrifuged and washed in distilled water. 


Step l 

To avoid the risk of contamination, the material to be ground up was taken from the inside of 
samples. The material was then placed inside small, thick, brown paper envelopes and broken up to the 
required size by a hammer. 

The length of time required in HCl was dependent upon the calcareous content of individual samples 
and varied from 10 minutes to about 12 hours. 
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Step.2 


Digestion of the mineral matter was carried out in small, polythene weighing bottles. In most 
samples, the heat of reaction was not sufficient to damage the bottles, but occasionally sufficient heat 
was generated in the first few minutes of reaction to buckle and sometimes split the polythene. It was 
found in such samples, that, if the material was still wet from washing out HCl in the preceeding step 
and was not stirred until after some reaction had begun, the polythene withstood the heat generated. 
The bottles generally last two to three months. 

The time necessary for digestion of mineral matter varied from 3 to 10 days. Most samples were left 
for 5 to 6 days. The difference in reaction time is possibly largely dependent upon the strength of the 
acid, which in the commercial grade used, can vary from about 40 to 60 percent. During digestion, the 
samples were stirred twice every day. 

The material was transferred to glass centrifuge tubes for the next step by decanting off the HF 
and filling up the bottles with distilled water. The material was then stirred up and poured into the 
centrifuge tubes. Providing centrifuging and further washing was done as quickly as possible, the glass 
centrifuge tubes appeared to be little affected by the HF acid. 


Step 3 

After centrifuging and washing from step 2, 10% HCl was added and the material gently heated 
in a water bath for some 10 minutes. 

The material was again centrifuged and washed and finally washed out of the centrifuge tubes into 
50 ce beakers with concentrated HNO, acid. 


Step 4 


Approximately 2 grams of KCIO, were added to the material in the HNO,. Samples of richly car- 
bonaceous sediments, such as coals, can react violently at this step and care is needed. During maceration, 
the samples were stirred frequently. 

The length of time needed for adequate maceration varies with individual samples and no overall 
schedule can be given. Reasonable preparations were obtained from macerations which were allowed to 
continue until the originally blackish material in the beakers turned brown. This stage was reached in 
some samples after as little as 5 hours; in others it took 7 days. Generally speaking, the less indurated 
Wealden samples took a shorter time to macerate (2—3 days) than the more indurated Middle Jurassic 
samples (3—5 days). Many exceptions, however, can be found to this generalisation and it may be that 
the amount of natural oxidation suffered by the organic material during accumulation of the sediments 
is a more important factor in determining the length of maceration necessary. For example, samples 
from marine beds such as the Oxford Clay and Kimeridge Clay generally took less time to macerate than 
samples from Middle Jurassic plant beds, which by their nature, can be assumed to have accumulated in 
more anaerobic conditions. 


After maceration, the material was transferred to centrifuge tubes and washed. 


Step 5 


The alkali used for samples C 1 to 20 was 10% KOH. All other samples were treated by very dilute 
NH,OH. 

Step 5 consists merely of leaving the material in the alkali for some 10 minutes before washing 
and mounting. The number of washes required to obtain a clear, top liquor varied from 2 to 6 and 
appears to be dependent upon the organic content of the samples. Coals for example, generally need 
many more washes than a faintly carbonaceous silt. 


Crée 


Step 6 


Four to ten slides, depending upon the richness of the preparation, were made by mounting the 


material in glycerine jelly. No stain was used. After a few weeks cover slips were carefully ringed with 
gold size. 


General Comments 


Samples prepared by the above method did not give uniformly good results. In most cases of poor 
preparation, the samples were almost certainly lacking in spores and pollen grains because repeat pre- 
parations gave similar results, while other samples prepared at the same time and which underwent 
precisely the same treatment, yielded rich spore and pollen floras. 


It can be noted here that the writer has found no criteria for determining in a hand specimen whether 
sediments will yield spores and pollen grains. The most unlikely sediments (Oxford Clay, Kimeridge 
Clay and ammonitic Liassic shales for example) yielded comparatively rich floras. 


Examination of Samples 


The examination of a sample falls into two parts; first, the determination of the relative abundance 
of the more common species and secondly, the identification of as many species as possible in that parti- 
cular sample. 


In determining relative abundance, identification and counting was continued (under high power) 
until about 100 specimens of coniferous pollen (Abietineaepollenites spp., Araucariacites australis, Classo- 
pollis torosus and Perinopollenites elatoides) had been recorded. This usually gave a count of at least 
150 to 200 specimens. The remainder of the slide was then searched under high power for the identi- 
fication of rarer specimens and at least one and often two other slides from the same preparation were 
searched under low power for the same purpose. Thus, in most preparations some 1000 to 2000 specimens 
were noted. In Tables 3 to 10, however, only the number of specimens noted on the relative abundance 
count, together with the comparatively few rarer species identified in the subsequent examination are 
recorded. 


Specimens too distorted for identification, generally well under 5 percent of the total, have not been 
taken into account in calculations of relative abundance. The relative abundance curves used for strati- 
graphic purposes are based mainly on coniferous grains. Most of the coniferous species described in 
Chapter V are usually identifiable even when poorly preserved or badly distorted. 

Pteruchipollenites thomasii, of probable pteridospermous affinity (see Chapter V) is somewhat similar 
to Abietineaepollenites spp. and poorly preserved or distorted specimens cannot always be separated. 
Such indeterminable winged grains are recorded as “distorted winged grains” in Tables 3 to 10. For the 
purposes of calculating the relative abundance of Abietineaepollenites spp. such grains must be con- 
sidered. The number of “distorted winged grains” was thus divided in proportion to the actual numbers 
of Abietineaepollenites spp. and P. thomasii identified in a particular preparation. The proportionate 
number was then added to the count of Abietineaepollenites. 


Nomenclature of Fossil Spores and Pollen Grains 


Scuopr, Wınson and BENTALL (1944, p. 7) listed as a guiding principle of fossil spore and pollen grain 
nomenclature “Only adherence to the systematic principles embodied in the International Rules will 
give satisfactory results in the study of these microfossils (as in other fields of palaeontologic study)”. 

More recently, TRAVERSE (1955), described and evaluated the systematic procedure of a number of 
writers and also came to the conclusion that established taxonomic procedure must be followed. 
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The writer agrees completely with this viewpoint and has already described a number of Mesozoic 
and Tertiary spores and pollen grains from New Zealand in accordance with the International Rules 
(Courrr 1953 a, 1954). Dispersed spores and pollen grains from British Jurassic and Lower Cretaceous 
sediments are similarly treated in this paper. They are classed, wherever possible, under pre-existing 
and valid spore and pollen genera and species. This procedure is rendered extremely difficult by the 
fact that since about 1930, many fossil spores and pollen grains have been described and named. A con- 
siderable number must be considered as validly published generic and specific names, although for the 
most part the systematic procedure used is very poor. 

R. Poronıt and Kremp (1955, 1956) published a major work on the systematics of Palaeozoic spores 
and pollen grains which, if followed by other workers, promises to bring some order into the chaos now 
prevailing in the systematics of Palaeozoic spores and pollen grains. They listed, described and discussed 
all dispersed spore and pollen genera which they considered as validly published. In all cases, generic 
diagnoses were given and later synonyms occasionally indicated. 

In the latter part of 1955 the writer learnt that Professor Poronıt had almost completed a similar 
study of Mesozoic and Tertiary spores and pollen grains. Professor POTONIÉ courteously gave the writer 
the opportunity of examining this manuscript on a visit to Krefeld. After discussion and examination 
of the manuscript the writer decided to accept Poronıt’s systematic account as a standard and to follow 
it as much as possible in the systematic account of British Mesozoic spores and pollen grains (Chapter V). 
The first part of Poronri’s study, dealing with fossil spore genera only, has now been published (PoTonIÉ 
1956), but the second part (pollen genera) still awaits publication. In only comparatively few cases has 
it been necessary to quote from the second part of Poronré’s manuscript. Such references are cited as 
“R. Poronré — in press”. It is to be hoped that most workers will recognise the undoubted validity of 
the genera listed by Poronré. Many of the genera are based on inadequate specimens but, at least, they 
should be taken into account in future systematic works. 


Designation and Preservation of Types 


Glycerine jelly mounts are probably the most satisfactory for the study of fossil spores and pollen 
grains. However, even when cover slips are carefully ringed, type specimens may be liable to loss and 
deterioration. For this reason, the illustration of the holotype for each new species is indicated, as well 
as the slide number of each preparation that includes the type specimen of species described in this 
paper. The position on the slides of all holotype specimens is given by mechanical stage readings in the 
text and the slide numbers and stage readings of all illustrated specimens, fossil and Recent, are given 
in Appendix B. Mechanical stage readings are not generally interchangeable, even in microscopes of the 
same make and model. To facilitate conversion of the stage readings to those of other microscopes, several 
master slides, each with two reference points clearly marked and accurately located by means of mecha- 
nical stage readings, have been deposited with the slide collection. If it is necessary to locate the figured 
specimens on another microscope, the stage readings of the reference points on a master slide should be 
taken with that microscope. The difference between these readings and the writers stage reading of the 
reference points on a master slide allows, by simple addition or subtraction, equivalent readings for 
that microscope to be made for the specimens figured in this paper. 


It is necessary to note that (1) the writers readings were all taken with the slide label to the right, 
(2) the “horizontal reading” is given first, and (3) the mechanical stage readings of the writers micro- 
scope have their point of origin at the lower right corner of the slide. 


All slides and sources of original type material (that is, samples of the sediments from which new 


genera and species are described) are deposited in the Sedgwick Museum, Cambridge, England (numbered 
K 948 etc.). 
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Chapter IV - Catalogue of Associated Spores and Pollen Grains 


The flora of the Middle Jurassic Deltaic Series of Yorkshire has long been a standard flora and is 
still one of the best known in the world. The plants, mainly compressions, are eminently suitable for 
study by maceration techniques, introduced by Naruorsr in the early part of the century. Largely 
through the pioneering work of Dr. H. HamsHaw Tuomas and in later years of Professor T. M. Harris and 
his pupils, a great number of Yorkshire plants have been described in detail, with emphasis on their 
cuticular structure. At the same time, these investigators have also described spores and pollen grains 
macerated from fertile specimens. 


Text fig. 7. Showing dimensions measured on trilete and monolete 
spores, monosulcate pollen grains and winged (saccate) pollen grains. 


P = polar diameter (trilete fern spores) 

E = equatorial diameter (trilete fern spores) 
L =length 

B = breadth 

D =depth 


(L, B and D are dimensions measured on monolete spores and 
monosulcate pollen grains) 

LB = length of body 

LA = length of air sac (bladder) 

BB = breadth of body 

BA = breadth of air sac (bladder) 


As a necessary prerequisite to study of the dispersed spores of the Mesozoic, the writer has compiled 
a catalogue of spores and pollen grains isolated from fertile specimens of Yorkshire Jurassic plants, 
together with such associated spores and pollen grains as have been described from Mesozoic floras else- 
where. Associated spores from some 90 species are listed, described and discussed below. In some cases, 
the original illustrations or descriptions are rather inadequate and the material needs to be re-examined 
by a worker conversant with spore and pollen grain morphology. The writer has had access to many of 
the preparations from the Yorkshire Jurassic and in some cases these have been supplemented by new 
preparations. 

With a few exceptions, the spores and pollen grains listed have been redescribed, using the ter- 


minology set out below. 
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Glossary of Descriptive Terminology 


The definitions are in most cases summaries of more detailed definitions given by W. F. Harris (1955) 
who, however, pointed out that they were not necessarily those of the authors who first introduced 


the terms. 

In defining the terms used in the description of sculpture, Harris arbitrarily fixed the threshhold 
size limit for the sculpture elements at 1 u. However, with sufficiently high magnification, the sculpture 
pattern may be readily classifiable even though the sculpture elements are less than 1 «. Thus, he adopted 
the convention that such sculpture patterns may be classified as in the detailed categories 11 and 111 
(see below) if the term “sub” is prefixed, this prefix implying that the size of the sculpture elements is 
at, or below the minimum. Harris also added the prefix “per” to the descriptive term when the greatest 
height of a projection or the greatest diameter of a cavity equals or exceeds one-tenth of the equatorial 
diameter of the spore. 


A. Terms used.in the Description of Sculpture 
1 — Minutely Sculptured 
Scabrate — flecked; with minute pits or elevations less than 1 « in size. 
11 — With Cavities or Depressions 
(The pattern is regarded as comprising pits, indentations, or cavities in the general surface, not less than 1 mu 
in size.) 
Foveolate — with cavities (pits) up to 2 « in diameter, or if larger, too widely separated to form a reticulum. 
Foveo-reticulate — with pits large enough and close enough together to form a reticulum, comprised of the 
pits (lumina or lacunae) and the intervening walls (muri) which separate them. 
111 — With Projections or Elevations 
(The pattern is regarded as comprising elevations of, or projections from, the general surface. Projections or 
elevations not less than 1 « in height.) 
(a) Projections 
Echinate — apex more or less sharp, trunk tapering with broad base. 
Papillate — apex more or less rounded to truncate, trunk not markedly tapering. 
Granulate — more or less isodiametric, not more than ‘/th of the equatorial diameter of the spore if the latter is 
over 20 u. 
Verrucate — more or less isodiametric, larger than granules. 


(b) Elevations 

Costate — ribbed; regular, well defined elevations or corrugations more or less encircling the spore. 

Lophate — ridged; with simple flange-like ridges (usually anastomosing). 

Lophate-reticulate — ridges anastomosing. 

Rugulate — wrinkled; elements irregularly distributed. (Rugulae are long and narrow in surface view, whereas, 
verrucae if elongate, are relatively broad.) 


B. General Morphological Terms 

Breadth — see Text fig. 7. 

Cingulum — a flange-like extension of the exine around the equatorial region of the spore. 

Commissure — the line of dehiscence in the tetrad scar. 

Contact face — the area adjacent to the tetrad scar. In trilete spores, the contact face is determined by the length 
of the laesurae and equals the proximal surface only when the laesurae extend to the equator. 

Depth — see Text fig. 7. 

Distal — the part of the spore (or certain pollen grains) which was turned outward in the tetrad. In the case of 
spores it is the surface opposite the tetrad scar. 

Equator — the region where the proximal surface bearing (in the case of spores) the tetrad scar meets the distal 
surface. 

Equatorial contour — the shape of the outline of a spore or pollen grain when seen in polar view. 

Equatorial diameter — see Text fig. 7. 

Laesura — the single ray of a triradiate tetrad scar or the single tetrad scar of a monolete spore. It includes the 
commissure and also the margo when this is distinguishable. 

Length — see Text fig. 7. 
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Marg Le a transition zone between the commissure(s) of the tetrad scar and the remainder of the exine. It is distin- 
guishable by an increase in thickness of exine or modification of sculpture or both. 


Perispore (perine) — the outermost layer outside the exine. For a full discussion of the term see W. F. Harris (1955). 
Polardiameter — see Text fig. 7. 


Proximal — the part of the spore (or certain pollen grains) which was turned inward in the tetrad and which bears 
the tetrad scar in the case of spores. 


Raised commissure — the actual line of dehiscence carried on a narrow ridge above the general surface of 
the spore. 


Size Range — unless otherwise stated the size range given in descriptions of both associated and dispersed spores 
and pollen grains is based on at least 25 specimens. The bracketed figure is the mode. 

Sulcus — the single furrow of some gymnospermous and monocotyledonous pollen grains. In contrast to the single 
laesura of monolete spores, the sulcus is on the distal surface, i.e. it faces outward in the tetrad. 


Systematic Description of Associated Spores and Pollen Grains 


Equisetales 
Equisetites (Equisetostachys) suecicus NATHORST 

Equisetites (Equisetostachys) suecicus NATHORST 
1908 Spores — Hate, K. Svensk. Vet. Akad. Handl. 43 (1), Pl. 9, figs. 1—3. 

Age. Rhaetic. | 

Description. Trilete, laesurae short, consisting only of simple commissures; spores originally 
spherical but fold readily, less distorted specimens show a circular equatorial contour; exine thin (less 
than 1 «) and smooth. 

SizeRange. 40 to 50 «in equatorial diameter. The ratio of length of laesurae to radius of spore 
cannot be measured accurately in Hatte’s illustrations. 

Comparable Dispersed Spore. Calamospora mesozoica n. sp. (Pl. 15, figs. 3, 4). 


E. (E.) nathorsti Haute 
1908 Spores — HALLE, K. Svensk. Vet. Akad. Handl. 43 (1), Pl. 9, figs. 4—9. 
Age. Rhaetic. 
Description. As for E. suecicus but ratio of length of laesurae to radius of spore is 0.33 to 0.45 
and size range given is 35 to 40 u. 
Comparable Dispersed Spore. Calamospora mesozoica n. sp. 


Spore Morphology of the Equisetales 


The spores of all living species of Equisetum are spherical, thin walled, smooth and some 30 to 40 u 
in diameter. They show, however, no trace of a triradiate scar. 

Equisetosporites chinleanus, described by Daucuerty (1941), from the Triassic, is similar to the spores 
of living species (that is, lacking the triradiate scar). The writer has also recorded small, alete, thin 
walled, spherical spores from Jurassic sediments in New Zealand as ? Equisetum (CoupeEr 1953 a). 

In Mesozoic times it seems probable that plants of equisetalean affinity produced two types of 
spores; the triradiate type described above from equisetalean fructifications and the essentially modern 
type lacking the triradiate scar. 


Lycopodiales 
Lycostrobus scotti NATHORST 
1908 Spores — NATHoRsT, K. Svensk. Vet. Akad. Handl. 43 (3), Pl. 2, figs. 18—21. 
A ge. Upper Rhaetic of Scania. 
Description. Spores monolete, bean-shaped to sub-spherical, with a thin, smooth exine sur- 
rounded by a finely granular to scabrate perispore which projects unequally proximally. 
Size Range. 36 to 44 « in length. 
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NaTuHorst commented on the resemblance to the microspores of Isoetes. W. F. Harris (1955) gave a 
detailed description of the microspores of Isoetes alpinus T. Kırk, noting the finely scabrate perine which 
projects unequally proximally and the long laesura raised on a proximal keel (see Pl. 15, fig. 5). In 
Natuorst’s photomicrographs, the sculptured perine can be clearly seen and there is some evidence of a 
proximal keel. The fossil spores are somewhat larger than the spores of most living species but are 
within the upper limit of the spore size of some 40 species examined by Knox (1950). 

Affinity. Sewarp (1910, p. 90) commented on Naruorst’s comparison of Lycostrobus scotti with 
the Isoetaceae as follows: “The comparison made by Nartuorstr with Isoetes is based on a resemblance 
between the spores of the two genera and on the evidence, which is not decisive, of the existence of 
sterile strands of tissue in the sporangia of Lycostrobus. The similarity is, however, hardly of sufficient 
importance to justify the inclusion of the Rhaetic strobilus in the Isoetaceae.”” Sewarp included it simply 
as a Lycopodiales. 

Microspores of Isoetes are quite distinct from those of other members of the Lycopodiales and the 
close similarity of the spores of L. scotti suggests (in spite of Sewarp’s comments) that this Rhaetic fossil 
was probably related to the Isoetaceae. 


Selaginella hallei LunpsLap 


1950 a Spores — Selaginellites hallei Lunpstap, K. Svensk. Vet. Akad. Handl. Ser. 4, 1 (8), Pl. 1, 
figs. 10—13. 
1950b Spores — Sellaginella hallei LunpBrap, Svensk. Bot. Tidsk. 44 (3), Pl. 2, figs. 5—12. 

A ge. Rhaetic. 

Description. LunpsLan (1950 b, p. 484—485) gave the following detailed description of the micro- 
spores isolated from strobili. “Microspores of sphaerico-tetrahedral shape, adult specimens about 50 u 
in diameter ... range observed 20 to 50 u. Tetrad markings faint but distinct, extending to the margin 
of the spore body which is provided with a well marked annular ring about 6 u wide. Exospore sculp- 
tured on both the distal and proximal surface of the spore or on the distal surface only (?). Sculpture 
consisting of irregular ridges; a more or less indistinct reticulum may be distinguishable, but confluent 
ridges of the spore wall may give a pitted appearance to the surface of the more strongly cutinized 
spores.” 

LUNDBLAD appeared uncertain whether the unsculptured proximal face of many of the specimens was 
a characteristic feature. Thus, she commented (p. 483) “that the sculpture of their proximal portion may 
be suppressed while the microspores are still in tetrads” and inferred that the proximal face may later 
become sculptured. Even after separation from their tetrads, however, mature spores of the Selaginella- 
ceae, like those of the Lycopodiaceae, have a proximal face which is either smooth or with greatly reduced 
sculpture compared with the distal face. It seems likely that the spores of S. hallei would be similarly 
characterised. 

Selaginellites polaris LunDBLAD 
1948 Spores — Lunpstap, Meddel. Dansk. Geol. Foren. il (3), Pl. 6, figs. 8—11. 

A ge. Triassic. 

Description. Trilete, laesurae indistinct, rounded triangular in equatorial contour; exine smooth 
with a marginal flange about 5 u broad, 3 spots present in the angles between the laesurae. 

Size. About 40 u. 

Affinity. The spores were not actually isolated from the strobilus but from the surrounding 
matrix. However, the presence of a strong cingulum (marginal flange) suggests that they may belong to 
the Selaginellaceae. 

Selaginellites dawsoni SEWARD 


1913 Spores — Sewarp, New Phytologist 12 (3), Pl. 4, figs. 35. 
Age. Wealden. 
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Description. From the rather inadequate illustrations the spores can be described as; trilete, 
tetrahedral, sub-triangular in equatorial contour; proximal face smooth, distal face finely papillate, 
about 40 « in equatorial diameter. 


Spore Morphology of Recent and Mesozoic Lycopodiales 


Knox (1938, 1950) described the spores of many living species of Lycopodium, but some of her dia- 
grams and descriptions are misleading in that they do not always emphasize the smooth or greatly 
reduced sculpture of the proximal face. Witson (1934) reviewed the spore morphology of United States 
and Canadian species of Lycopodium. SerLing (1946) and W. F. Harris (1955) also gave detailed descrip- 
tions of a number of living species of the genus. 

Although dispersed spores closely comparable with those of some living species of Lycopodium are 
common in Mesozoic, Tertiary and Quaternary sediments, no such spores have been recorded from fructi- 
fications assigned to this genus. Further discussion of the morphology of Lycopodium spores is reserved 
until chapter V. 

The microspores of the Selaginellaceae and Isoetaceae were described by Knox (1938) while SELLING 
(1946) described two Hawaiian species of Selaginella and gave references to previous morphological 
studies of the spores of the genus. The spores of the lower Mesozoic Selaginellites polaris and Selaginella 
hallei noted above, have a cingulum, a feature found in (but not confined to) the spores of Selaginella- 
ceae. The more or less unsculptured spores S. polaris are not comparable to those of any Recent species. 
S. dawsoni, from the Wealden, is not adequately described or illustrated for close comparison. 

As already noted, Lycostrobus scotti, from the Rhaetic, has microspores similar to the microspores 
of the Isoetaceae. 


Marattiales 


Marattiopsis anglica THomas 
(PL. 15, fig. 19) 
1913 Spores — Tuomas, Quart. J. Geol. Soc. 69, Text fig. 1, p. 229. 

Age. Middle Jurassic. 

Description. Professor T. M. Harris (unpublished) is to redescribe this species as a fossil member 
of the Recent genus Marattia. The following description is based on a slide (V 31317 a) prepared by 
Harris and deposited in the British Museum (Natural History) and from material prepared by the writer 
from a fertile specimen collected by Dr. H. Hamsuaw Tuomas from Roseberry Topping, Yorkshire. 

The spores are (a) monolete, laesura not always clearly defined, but is generally a long, narrow 
ridge; spores elliptical in equatorial contour, plano or biconvex in profile (side view), and (b) more or 
less spherical and vaguely trilete, the triradiate scar usually imperfectly formed. In both spore types, 
exine is thin (1 to 1.5 u, occasionally less than 1 «) and sculptured with fine, sparsely spaced granules. 

Size Range. 30 (33) 39 « in greatest dimension. 

Both preparations may be a little overmacerated and the spores consequently over-expanded, because 
specimens of marattiaceous spores found in bulk macerations from the Yorkshire Deltaic Series are con- 
siderably smaller, averaging around 28 «, a size more comparable to other fossil and Recent marattia- 
ceous spores. : 

Comparable Dispersed Spore. Marattisporites scabratus n. sp. (Pl. 15, figs. 20—23). 


Marattiopsis crenulata LUNDBLAD 


1950 Spores — LunpsLaD, K. Svensk. Vet. Akad. Handlol (8), Pl73,gs213,514: 

Age. Rhaetic (Sweden). 

Description. From LunpsLAps very clear photomicrographs and description, the spores can be 
described as; monolete, laesura reasonably distinct and long; spores oval to plano-convex (in side view); 
exine very thin, sculptured with sparsely spaced granules. 
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Size Range. (Lunpgran, p. 15); 23 to 27 u, average 25 u long and 15 to 19 «, average 18 u wide. 
Comparable Dispersed Spore. Marattisporites scabratus n. sp. 


Marattiopsis hoerensis (ScHIMPER) THOMAS 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 13, fig. 10. 

Age. Basal Liassic (Greenland). 

Description. The spores are not well illustrated but from the description given by Harris, they 
are monolete, oval, finely granular and around 28 u long. 

M. hoerensis is said to resemble closely M. anglica (Harris 1937, p. 19). 

Comparable Dispersed Spore. Marattisporites scabratus n. sp. 


Spore Morphology of Recent and Fossil Marattiales 


Knox (1938), described the spores of the living species of the Marattiaceae as “relatively small, rang- 
ing in size from 15 to 30 u, tetrahedral or bilateral in shape, the former occurring in the majority of 
species of Angiopteris, the latter being characteristic of Marattia”. Brown and Brown (1931), noted the 
spores of M. stokesii and M. fraxinea (= M. salicina) as being subspherical, minutely punctate and with 
an obscure 3 parted ridge. W. F. Harris (1955), gave a detailed description of the spores of M. salicina and 
pointed out that monolete and more or less oval, to vaguely trilete and globose spores, are found in the 
one species. The sculpture of both types is scabrate to sub-granulate and the exine is usually less than 
1 u thick. The size range given is 18 to 25 u, mainly 22 uw long. The spores of M. salicina are illustrated 
in Pl. 15, figs. 17, 18. | 

SELLING (1946, p. 27—28), recorded both monolete and trilete spores in the Hawaiian species M. dang- 
lasit. 

On the evidence of features other than their spores, M. anglica, M. crenulata and M. hoerensis are 
confidently assigned to the Marattiaceae. Their spores appear very similar to those of living species of 
Marattia and clearly support this assignment. 


Doubtful Fossil Marattiales 


The following fossil plants, considered by some authorities to belong to the Marattiales, have spores 
quite unlike those of living Marattiaceae and the fossil forms noted above. 


Nathorstia alata HALLE (HALLE 1913) 

N. latifolia NATHORST (NATHORST 1908) 

Rhinipteris concina Presi. (Harris 1931) 

Asterotheca meriani Brocn. (NATHORST 1908) 
Pecopteris (Asterotheca) miltoni Artis. (NATHORST 1908) 
Danaeopsis lunzensis Stur (NATHORST 1908) 

D. fecunda HALLE (HALLE 1921) 


Heer (1880), who instituted the genus Nathorstia, considered the systematic position of the genus 
doubtful, but pointed out certain resemblances to the Marattiaceae. Naruorst (1908), noted that although 
Nathorstia closely resembled the fossil matoniaceous fern, Laccopteris, its soral characters justified a 
generic distinction. He, together with Harre (1913), made no definite statement on the systematic posi- 
tion of the genus. Sewarn (1910), discussed Nathorstia under the heading “Fossil Marattiales” but 
pointed out that in the absence of well preserved sori it was virtually impossible to distinguish Nathorstia 
from Laccopteris. Hırmer (1927), listed all species of Nathorstia under Laccopteris and classed them as 
Matoniaceae. In a later publication, however (Hırmer and HoErHAMMER 1936) Nathorstia was reconstituted 
as a genus, classed in the Marattiaceae and a number of species formerly described under Laccopteris 
transferred to it. 

In view of the conflicting opinions on the classification of Nathorstia briefly outlined above, it 
should be noted that spore morphology supports the inclusion of Nathorstia alata at least, in the Mato- 
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niaceae. Its spores exhibit the characteristic features of matoniaceous spores, viz. distinct triradiate 
scar, commissures surrounded by a margo, thick exine and triangular shape. None of these features is 
found in Recent marattiaceous spores. 

The spores of Rhinipteris concina (Rhaetic — Liassic), Asterotheca meriani (Triassic), Pecopteris 
(Asterotheca) miltoni (Carboniferous), Danaeopsis lunzensis (Triassic) and D. fecunda (Rhaetic) are more 
or less spherical, thick walled and have short triradiate scars (ratio length of laesurae to radius of 
spore = 0.5 to 0.66). They range from 35 to 70 u in diameter. Similar spores are found in some Pterido- 
sperms (Frorın 1937, Scuopr 1944, 1948) and it is possible that some of the above species may have 
Pteridospermous affinities. 


Family Osmundaceae 


Osmundopsis plectrophora Harris 
1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 12, fig. 7. 

Age. Liassic of Greenland. 

Description. Trilete, laesurae long (ratio of length of laesurae to radius of spore = 0.8); spores 
originally spherical but are normally folded in the fossil state; exine thin, with granular-papillate sculp- 
ture; size about 40 « in equatorial diameter (no size range is given in Harrıs’s paper). 

Comparable Dispersed Spore. Osmundacidites wellmanii Courer (Pl. 16, figs. 4, 5). 


Todites hartzi Harris 
1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 10, fig. 3. 

Age. Liassic of Greenland. 

Description. Harris gave a clear photomicrograph and a brief description. The spores can be 
described thus; trilete, laesurae moderately long (ratio of length of laesurae to radius of spore = 0.7); 
spores originally spherical but normally folded in fossil state; exine thin and granular-papillate; size 
about 40 u (no size range given in Harrıs’s paper). 

Comparable Dispersed Spore. Osmundacidites wellmanii CoUPER. 


Todites recurvatus Harris 
1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 10, fig. 10. 
Age. Liassic of Greenland. 
Description. Trilete, laesurae rather indistinct; spore figured by Harris is triangular in polar 
view; exine coarsely granular-papillate. 
Size. Around 38 «u in equatorial diameter. 


Todites goeppertianus (Munster) KRASSER 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 11, fig. 3. 

Age. Rhaetic — Liassic of Greenland. 

Description. The spores of this species which is stated by Harris to resemble closely the Middle 
Jurassic species, T. williamsonii (see below) can be described as; trilete, laesurae distinct and long (ratio 
of length of laesurae to radius of spore = 0.85) originally spherical but usually folded in the fossil state; 
exine thin and smooth. 

Size. Around 50 « in equatorial diameter. 

Comparable Dispersed Spore. Todisporites major n. sp. (Pl. 16, figs. 6—8). 

Todites williamsonii (BRONGNT.) 
(Pl. 16, figs. 1, 2) 
1912 Spores — Tuomas, Proc. Camb. Philos. Soc. 16 (4), Pl. 3, fig. 9. 
Age. Middle Jurassic. 
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Description. The following description is based on a preparation made by the writer from spo- 
rangia of a specimen collected from Gristhorpe, Yorkshire, by Dr. H. Hamsuaw THOMAS. 

Spores trilete, laesurae distinct and comparatively long (ratio length of laesurae to radius of spore 
= 0.69 to 0.81); originally spherical but tend to fold readily (see Pl. 16, figs. 1, 2); exine about 1.5 u thick, 
smooth (under oil immersion has a flecked appearance but no definite sculpture). 

Size Range. 55 (62) 80 « (equatorial diameter). 

Comparable Dispersed Spore. Todisporites major n. sp. 


Todites princeps (PRESL.) GOTHAN 


1948 Spores — Harris, Ann. Mag. Nat. Hist. Ser. 12, 1, Text 19.3B,.p. Lor: 

Age. Rhaetic to Middle Jurassic. 

Description. Trilete, laesurae distinct, about 2/; radius of spore; originally spherical but fold 
readily; exine about 1 « thick, smooth. 

Size Range. 20 to 40 u (average 32 u) in equatorial diameter. (Measurement of 10 specimens 
according to Harris.) 

Comparable Dispersed Spore. Todisporites minor n. sp. (PL. 16, figs; 9,10). 

Todites undans (BRoNGN.) Harris 
(Pl. 16, fig. 3) 

1911 Spores — Cladotheca undans (L. and H.) Hare, Ark. f. Bot. 10 (15), Pl. 1, fig. 12. 
1937 Spores — Todites undans (Broncn.) Harris, Medd. Om. Gronld. 112 (2), p. 14. 

Age. Middle Jurassic. 

Description. The following description is based on a preparation made by the writer from spo- 
rangia of a specimen of T. undans (K 70), in the Sedgwick Museum, Cambridge. 

Spores trilete, laesurae distinct, long (ratio of length of laesurae to radius of spore = 0.73 to 0.85); 
spores originally spherical but fold readily. Exine thin, c. 1 «, scabrate to sub-granular. 

Size Range. 33 (40) 45 « in equatorial diameter. 


Affinity of Todites and Osmundopsis 


Tuomas (1912 a, p.385), pointed out that the sporangia of Todites williamsonii or at least those of 
some specimens classed as T. williamsonii are not of the true osmundaceous type. Haze (1921, p.13 to 
14) agreed with Tuomas but pointed out that some European species of Todites have sporangia com- 
parable with those of the Osmundaceae. Harris (1931, p. 30) also commented on certain differences but 
classed Todites with Osmundopsis as a member of the Osmundaceae. 


Spore Morphology of Recent and Fossil Osmundaceae 


W. F. Harris (1955) gave a detailed description of the spores of certain living species of Todea and 
Leptopteris which can be summarized as follows; spores trilete, or with an imperfect tetrad scar or alete; 
laesurae when developed long and narrow; spores spherical; exine from 1 to over 2 u thick and densely 
papillate, papillae projecting from 1 to 3 u above the general surface. 

Size Range. From 37 to 63 u in Todea and 27 to 39 u in Leptopteris. 

Knox (1938) also described the spores of Todea and Leptopteris together with those of Osmunda, the 
other living genus, and commented on the noteworthy uniformity of the spores throughout the family. 

The clearly sculptured spores of the fossil osmundaceous ferns, Todites hartzi and Osmundopsis 
plectrophora, appear to match perfectly the spores of Todea, Osmunda and Leptopteris. Spore morpho- 
logy thus supports the classification of these fossils in the Osmundaceae. 

T. recurvatus is not clearly osmundaceous in its spore morphology. The sculpture is characteristic 
but the triangular shape is unusual. Harris (1931), however, made no comment on the triangular shape 
and has possibly figured a spore with an atypical shape. 
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No Recent species have smooth or finely granular spores like those of Todites undans, T. williamsonii, 
T. princeps and T. goeppertianus. In shape and comparatively thin exine the spores of these species are, 
however, generally similar. The only other spores (fossil or Recent) known to the writer which are com- 
parable, are those of certain equisetalean and pteridispermous fossil plants. The laesurae of the spores 


of both these groups are, however, comparatively short (ratio of length of laesurae to radius of spore 
less than 0.6). 


Family Schizaeaceae 
Klukia exilis (Pairzres) RAcIBORSKI 
(Pl. 19, figs. 2, 3) 
1945 Spores — Harris, Ann. Mag. Nat. Hist. Ser. 11, 12, Text fig. 3 C and D, p. 362. 

Age. Middle Jurassic. 

Description. The following description is based on examination of slide V 25 840, deposited by 
Harris in the British Museum (Natural History) and a new preparation kindly supplied by Professor 
Harris. 

Trilete, laesurae distinct, reaching almost to equator, commissures raised and flanked by a margo; 
equatorial contour rounded-triangular; in equatorial view the distal surface is markedly convex, the 
proximal surface is more or less flattened; distal surface clearly sculptured with deep pits from 2.5 to 4 u, 
occasionally up to 5 « across, sparsely spaced (intervening walls 3 to 7 u, mainly 5 « wide); the walls 
between pits are slightly raised and rounded; the facets between the laesurae on the proximal surface 
have a greatly reduced sculpture, consisting of small, low, verrucate projections, but is rather variable; 
exine thickness difficult to determine because of the nature of the sculpture, but is around 3 to 5 w. 

Size Range. 55 (62) 75 « in equatorial diameter; 50 (55) 60 « in polar diameter. 

Comparable Dispersed Spore. Klukisporites variegatus n.sp. (Pl. 19, figs. 6, 7). 

Stachypteris hallei Tuomas 
(Pl. 19, figs. 4, 5) 
1912 Spores — Tuomas, Proc. Camb. Philos. Soc. 16 (7), Pl. 4, fig. 5. 

Age. Middle Jurassic (Yorkshire). 

Description. The following description is based on preparations made by the writer from 
specimens supplied by Dr. H. Hımsuaw Tuomas and Professor T. M. Harris. 

Trilete, laesurae reaching almost to equator, commissures raised, flanked by a margo, not always 
distinct; equatorial contour rounded-triangular; distal surface markedly convex, proximal rather flat- 
tened; distal surface clearly sculptured with irregularly shaped pits, from 4 to 5 mw across, intervening 
walls raised and markedly convex, from 2 to 4 « mainly 2.5 « wide; proximal face with greatly reduced 
sculpture of fine granules or low verrucate projections; exine thickness difficult to measure but around 
3 u on proximal face. 

Size Range. 43 (53) 66 « in equatorial diameter; 40 to 50 « in polar diameter. 

Comparable Dispersed Spore. Klukisporites variegatus n. sp. (Pl. 19, figs. 6, 7). 

Ruffordia goepperti (Dunk.) SEWARD 
(Pl. 17, figs. 4—6) 
1913 Spores — SEewarp, Quart. J. Geol. Soc. 69, Text fig. 2 A. 
1921 Spores — HALLE, Ark. f. Bot. 17 (1), Pl. 2, fig. 8. 

Age. Lower Cretaceous. 

Description. The following description is based on Sewarp’s type slide (V 2192) in the British 
Museum (Natural History). 
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Trilete, laesurae long about ‘/, radius, commissures raised, equatorial contour rounded-triangular, 
sides convex, occasionally straight; distal surface sculptured with slightly raised ribs, occasionally branch- 
ing, from 1.5 to 3.0 « broad and spaced from 1 to 3.0 w apart; proximal face smooth; exine thickness on 
proximal face about 1.5 u. 

Size Range. 38 (48) 60 x in equatorial diameter. 

Comparable Dispersed Spore. Cicatricosisporites dorogensis R. Por. and GELL. (Pl figs: 
10—12). 

Pelletiaria valdensis SEWARD 
1913 Spores — Sewarp, Quart. J. Geol. Soc. 69, Text fig. 2.B, and Pl. 14, fig. 5. 

Age. Lower Cretaceous (Wealden). 

Description. From Sewarp’s photomicrograph and brief description, the spores can be described 
as; trilete, laesurae reaching to equator; equatorial contour rounded-triangular with convex sides; distal 
surface sculptured with very closely spaced, flat, broad ribs, 3 to 4 «u wide; proximal face smooth; exine 
thickness cannot be determined but appears thicker than in R. goepperti; size range given as 60 to 70 u. 

Comparable Dispersed Spore. Cicatricosisporites dorogensis R. Por. and GELL. 


Schizaeopsis americana BERRY 
1911 Spores — Berry, “The Lower Cretaceous Deposits of Maryland”, Maryland Geol. Surv., John 
Hopkins Press, Baltimore, Pl. 22, figs. 4—9. 

Age. Patuxent Formation (? Neocomian). 

Description. From Berry’s description and rather inadequate photomicrographs, the spores can 
be described as; trilete, laesurae comparatively short (about half the radius of the spores); rounded- 
triangular in polar view; distal surface sculptured with very broad, flat ribs; proximal face appears 
smooth; exine very thick, 3 to 4 u; size given as about 100 u. 

Comparable Dispersed Spore. Cicatricosisporites brevilaesuratus n. sp. (Pl. 18, figs. 1—3). 


Anemia colwellensis CHANDLER 
(Pl. 17, figs. 1—3) 
1955 Spores — CHANDLER, Bull. Brit. Mus. (Nat. Hist.) Geol. Ser. 2 (7), p. 304—306, Pl. 35, figs. 49—53, 
and Pl. 36, figs. 59—64. 

Age. Eocene (Isle of Wight). 

Description. The following description is based on a preparation kindly supplied by Miss 
M. E. J. CHANDLER. 

Trilete, laesurae long, about °/, radius, commissures raised; distal surface sculptured with slightly 
raised ribs about 2.5 to 3 u wide and spaced from 0.5 to 2 « apart; proximal surface smooth. 

Size Range. 38 (45) 68 « in equatorial diameter. The species is based on one fertile pinnule. 

Comparable Dispersed Spore. Cicatricosisporites dorogensis R. Por. and GELL. 


Anemia poolensis CHANDLER 
1955 Spores — CHANDLER, Bull. Brit. Mus. (Nat. Hist.) Geol. Ser. 2 (7), Pl. 36, figs. 54—58. 
Age. Eocene (Dorset). 
Description. Trilete, laesurae long, reaching almost to equator; rounded-triangular in equatorial 
contour; exine smooth, 2 to 2.5 u thick; size range given as 36 to 70.4 u, mainly 50 to 60 u. 
Lygodium poolense CHANDLER 


1955 Spores — CHANDLER, Bull. Brit. Mus. (Nat. Hist.) Geol. Ser. 2 (7), Pl. 38, figs. 90—96. 

Age. Eocene (Dorset). 

Description. Trilete, laesurae rather short (ratio length of laesurae to radius of spore = 0.7); 
equatorial contour rounded-triangular; sculpture consisting of regularly shaped deep pits, up to 4 u 


— 111 — 


across and spaced about 4 u apart; intervening walls raised and rounded so that they appear as verru- 
cate projections, 2 to 3 u high in an optical section of the edge of the spore; sculpture appears to be 
reduced on the contact area of the proximal face; size range given as 50 to 70 w, mainly 65 to 68 u. 


Lygodium kaulfussi Heer 
1950 Spores — KräÄuseL and WEYLAND, Palaeontographica B 91, Pl. 1, figs. 5, 6. 
1955 Spores — CHANDLER, Bull. Brit. Mus. (Nat. Hist.) Geol. Ser. 2 (7), PL 37, figs. 80—83, and PL 38, 
figs. 84—87. 

Age. Lower Tertiary. 

Description. The following description is based on a fertile specimen of a pinnule of L. kaulfussi 
from the Eocene of Studland, Dorset, kindly supplied by Miss M. E. J. CHANDLER. 

Trilete, laesurae comparatively short (ratio of length of laesurae to radius of spore = 0.55 to 0,70); 
some specimens showing a narrow margo; equatorial contour circular to rounded-triangular; proximal 
face slightly flattened in equatorial view; exine 2.5 to 5 u thick, usually smooth, but in well preserved 
specimens a very thin, hyaline, close fitting perine surrounds the spore, occasionally wrinkled to form 
irregular projections up to 4 « high. 

Size Range. 75 (100) 125 uw in equatorial diameter. 

The writer does not consider the wrinkled perine to constitute “sculpture” in the usual sense of 
the term. The spores are thus best considered as unsculptured, as originally described by CHANDLER, for 
as noted below the essentially similar perine of spores of the living tree ferns Cyathea smithii and 
C. dealbata for example, is rarely, if ever, found fossil. In the case of the spores of L. kaulfussi even a 
very short treatment by nitric acid is usually sufficient to destroy the perine (M. E. J. CHANDLER, pers. 
comm.). 


Spore Morphology of Recent and Fossil Schizaeaceae 


All Recent species of the genus Schizaea have monolete, bilateral, bean-shaped spores. A few trilete 
spores were found (as anomalies) among the monolete spores of S.dichotoma by SELLING (1944, p. 95) 
The exine in various species is smooth, scabrate, pitted, costate (ribbed) or verrucate. Ribbed mono- 
lete spores have not been found in schizaeaceous fructifications from Mesozoic deposits. 

The other genera of the Schizaeaceae (Mohria, Anemia and Lygodium) all have trilete, tetrahedral 
spores. Mohria and Anemia are characterised by ribbed spores, the ribs being smooth and occasionally 
branching, or are ornamented with granular, or spinose projections. The ribbing is always more marked 
on the distal surface. CHANDLER (1955, p. 306) commented briefly on the sculpture pattern in various 
species of Anemia. 

Plate 16, figs. 11—13, shows the variation in the development of the sculpture elements of the spores 
from a sorus of the Recent species, A. phyllitidis (Linn.) Swartz. Fig. 11 is a fully developed spore with 
a sculpture pattern of ribs carrying long spines (72% of the total); in fig. 12 the ribs only are developed 
(20% of total); fig. 13 shows a smooth, poorly developed spore (8% of total). 

Studies of spores of some of the Recent species of Lygodium have been made by KräuseL and WEY- 
LAND (1950), CHANDLER (1955) and W. F. Harris (1955). Most of the species examined by these writers 
have large, thick-walled spores, with a coarse culpture pattern consisting of deep pits with intervening 
walls usually broadly arched. In some species, such as L. articulatum (Pl. 19, fig. 1) the sculpture is per- 
haps best considered as per-verrucate, the verrucae being from 4 to 9 u across. 

A few living species listed by Kräusen and Weyrann (1950) and CHanpLer (1955) are said to have 
spores that are almost smooth or with finely granular sculpture. Judging from Table 1 (p. 24) of Krause. 
and WEYLAND’s paper, these may be from immature material, because in cases where preparations have 
been made from a number of specimens of the same species, some spores are described as being coarsely 
sculptured (cf. the case of Anemia phyllitidis noted above). 
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In this connection the following comments by SELLING (1944) on the sculpture of the spores of 
Schizaea should be noted. Discussing “granulations” and “tuberculations” he commented (p. 9), “... they 
do not belong to the exospore as do the striations and reticulations (of the pitted spores). Instead they are 
attached to a transparent membrane, mostly extremely thin and often indistinct which seems to dis- 
integrate when the spores mature”. He then points out (p. 10) that some species which subsequently 
develop a sculpture pattern on the exospore (i.e. on the exine proper) also show similar “granulations” 
in immature and sub-mature spores. W. F. Harris (1955, p. 67), also noted that slightly immature spores 
of Schizaea “have a thin outer layer which tends to slough off. The sculpture pattern of the mature spore 
appears to develop subsequently.” 

The variation in sculpture and the wide size range of spores of the same species of Schizaea (com- 
mented on by both SELLING and Hararis) is to the writers mind, indicative of the difficulty of obtaining 
fully mature spores. This difficulty, together with the late development of sculpture (noted above), must 
be considered when dealing with spores from fossil schizaeaceous sporangia. Dispersed schizaeaceous 
spores also exhibit a variety of sculpture and differ widely in size. The writer prefers to consider most 
of the variants as possibly poorly developed spores rather than separate species as has been done by some 
writers (see comments under the dispersed spore species, Cicatricosisporites dorogensis). 

The spores of the Cretaceous schizaeaceous fossils, Ruffordia goepperti, Pelletiaria valdensis, and 
Schizaeopsis americana and the Eocene species Anemia colwellensis, clearly have their Recent counter- 
parts in the spores of Anemia and Mohria. 

Spores of the Eocene Lygodium poolense are an extremely good match for some living species of 
Lygodium, while the spores of the Jurassic Klukia exilis and Stachypteris hallei are similar to, but not 
strictly comparable with spores of the Lygodium type. Their pitted sculpture can be matched fairly 
closely, but the greatly reduced sculpture on the proximal face and the long trilete scar with raised 
commissure are features not clearly exhibited by Lygodium. Tuomas (1912b), noted points of resemblance 
to Lygodium in the fructification of Stachypteris, although he did not consider it as being very closely 
related. 

The smooth, trilete spores of the Eocene Lygodium kaulfussi and Anemia poolensis are possibly from 
immature specimens but CHANDLER (1955) who considered this possibility, pointed out that all known 
specimens have yielded similar, smooth spores. It is not improbable that some species of Anemia and 
Lygodium could have mature, unsculptured spores because some species of Schizaea have unsculptured 
spores. However, in view of the difficulty of obtaining mature spores of Recent Schizaeaceae noted above 
and the fact that all living species of Anemia at least are heavily sculptured, it seems better to leave 
the matter open at present. 


Family Gleicheniaceae 


Gleichenites nitida Harris 
1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 14, fig, >. 
Age. Lower Liassic of Greenland. 


Description. Trilete, laesurae distinct, reaching to the equator. Spores triangular in equatorial 
contour, sides straight to slightly convex; exine smooth and around 1.5 to 2 u thick. 


Size. About 40 u in equatorial diameter. 
Comparable Dispersed Spore. Gleicheniidites senonicus Ross (Pl. 19, figs. 13—15). 
Gleicheniopsis fecunda Turin 
1932 Spores — Turin, Ann. Bot. vol. XLVI, P1.16, fig. 5. 
Age. Cretaceous (Western Greenland). 
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Description. Turin gave no description beyond giving a size range of 50 to 60 wu. From his photo- 
micrograph, the spores can be described as trilete, laesurae distinct, reaching to equator; spore triangular 
in equatorial contour, sides straight; exine smooth. 


Spore Morphology of Fossil and Recent Gleicheniaceae 


The spores of living species of Gleichenia Sm. (sens. lat.) are either monolete or trilete (see for 
example, SELLING 1946 and W. F. Harris 1955, for discussion of the spore types of the genus). The trilete 
spores, in particular, are quite characteristic and there is little danger of confusion with spores of other 
living pteridophytes. W. F. Harris (1955), gave a detailed description of the spores of G. circinata Swartz 
which can serve as a typical example of the trilete spores. His description can be summarized thus; spores 
trilete, laesurae reaching nearly to the equator, the commissure being raised on a narrow ridge; proximal 
surface flattened, distal surface strongly arched; triangular in equatorial contour, apices sharp, sides 
straight or slightly concave at the limit of the contact face but rounded distally so that the polar view 
is characteristic with the rounded sides outside the straight. Exine about 2 u thick, smooth, surface 
sometimes undulating. 

Size. 35 to 48 u, mainly 42 u. 

Spores of G. circinata are illustrated on Pl. 19, figs. 11, 12. 

As far as can be judged from the rather inadequate illustrations and descriptions of the spores 
isolated from Gleichenites nitida and Gleicheniopsis fecunda, the fossil spores compare reasonably well 
with the trilete spores of living species of Gleichenia. 


Family Dicksoniaceae? 


Dicksonia mariopteris Witson and VATES 
(Pl. 20, fig. 3) 
1953 Spores — Witson and Yates, Ann. Mag. Nat. Hist. Ser. 12, 6, Text fig. 2G, H and I, p. 932. 

Age. Middle Jurassic (Yorkshire). 

Description. Wırson and Yates in their description of the spores gave undue prominence to 
structures due to compression. The following revised description is based on spores examined by the 
writer from slide V 31079 deposited by Wırson and Yates in the British Museum (Natural History). 

Spores trilete, laesurae reaching nearly to equator and consisting of a simple commissure with no 
clear indication of a thickened rim (margo); spores typically triangular in equatorial contour, generally 
with concave but occasionally straight sides between the apices; in side view proximal surface is flat- 
tened, distal surface markedly convex. Exine smooth, mainly 1.5 « but up to 2 u thick. In some specimens 
the exine thickens slightly at the apices (cf. the spores of the living species D. fibrosa for example). 

Size Range. 29 (40) 53 x (equatorial diameter); 20 to 28 u (polar diameter). 

Comparable Dispersed Spore. Cyathidites minor Couper (Pl. 20, figs. 9, 10). 

Wizson and YATEs (p. 931) commented on the varied size. Their preparations, judging from slide 
V 31079, appear to have been over-macerated. For example, out of a count of 100 spores greater than 
40 « in equatorial diameter, 64 had split open laesurae whereas in a count of 100 specimens less than 
40 u, only 7 showed split open laesurae. Spores over about 40 « in size are thus considered to be over- 
expanded due to over-maceration.* Disregarding spores with widely gaping laesurae the equatorial size 
range is 29 to 44 u and mainly 37 u. 

Wizson and Yates (p. 931 and 933) described “a loop on the dorsal surface or on the corner near the 
end of the triradiate crack” as occurring on many spores of D. mariopteris. They interpreted it correctly 
as being a distortion feature, but considered it very characteristic. The loops are simply the compressed 
lobes of a markedly lobate, trilete spore, seen in optical section in equatorial or oblique equatorial views 
(see Couper 1955, p. 471, where this feature is discussed in the spores of the Jurassic fern, Dictyophyllum 
rugosum). The spores of a number of living ferns, including those of the Cyatheaceae, Dicksoniaceae and 
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Adianteaceae show similar “loops” in Recent peat samples. Also, the structure can be reproduced in 
the spores of a living tree fern by boiling in 10% NaOH to destroy the intine, mounting in glycerine 
jelly and compressing the spores by pressure on a cover slip (see Pl. 20, figs. 1 and 2, which show spores 
of Cyathea pubescens treated in the above manner). 

The “loops” cannot thus be considered a characteristic feature of the spores of D. mariopteris, nor of 
Eboracia lobifolia where Wison and Yates described a similar feature. It is, however, a feature found 
only in spores originally markedly tetrahedral and is a useful guide to the original shape of a badly 
distorted spore. 

Affinity. D. mariopteris is included in the Dicksoniaceae on the evidence of the essential charac- 
ters of its sorus (Wırson and Yates 1953). 

Eboracia lobifolia (PuıLLıps) THomas 
(Pl. 20, fig. 4) 
1912 Spores — Tuomas, Proc. Camb. Philos. Soc. 16 (4), Text fig. on p. 387. . 
1953 Spores — Wizson and Yares, Ann. Mag. Nat. Hist. Ser. 12, 6, Text fig. 3 E and F, p. 935. 

Age. Middle Jurassic (Yorkshire). 

Description. The following description is based on a re-examination of slide V 31 092 a, depo- 
sited by Witson and YarTes in the British Museum (Natural History). 

Spores trilete, laesurae reaching to equator, consisting usually of a simple commissure but in some 
specimens there is a poorly developed margo; equatorial contour triangular with concave (occasionally 
straight) sides; planoconvex in side view; exine around 2 x thick and smooth. 

Size Range. 30 (35) 50 « (equatorial diameter); 18 (27) 30 « (polar diameter). 

The preparation, like that of D. mariopteris appears to be over-macerated and many specimens show 
widely gaping triradiate scars. If specimens which appear drastically over-expanded are disregarded, 
the equatorial size range is 30 to 43 u, mainly 35 u. 

The “loops” described by Witson and Yates in the spores of E. lobifolia have already been discussed 
under D. mariopteris. 

Comparable Dispersed Spore. Cyathidites minor Couper. 

Affinity. Tuomas (1912a, p. 387—388), transferred Cladophlebis lobifolia to a new genus, Eboracia, 
because the sori and spores are more like those of the Cyatheaceae, than the Osmundaceae, with which 
the form genus Cladophlebis is usually associated. Wırson and VATESs (1953, p. 936—937), classified E. lobi- 
folia in the Thyrsopteridae because the sori agree with those of the living genus Thyrsopteris and are 
unlike those of Dicksonia. CopELANDS comments on Thyrsopteris (1947, p. 48) are perhaps pertinent to 
the above question of the classification of E. lobifolia. He records “a single species endemic on Juan 
Fernandez. The immediate ancestry of T. elegans is presumably lost in Antarctica but European Jurassic 
fossils have been ascribed to this genus. The position of the sori, the presence of hairs and the absence 
of paleae, show affinity to the Dicksonioid genera, while the form of the sorus is Cyatheoid. It may well 
be a relict from the time when Dicksonia and Cyathea had a common ancestor.” 

It is of interest to note here that the spores of Thyrsopteris (and also those of E. lobifolia) are 
smooth, like those of many species of Cyathea, and unlike the generally clearly sculptured spores of 
most living Dicksonia. A more detailed account of the spore morphology of the Cyatheaceae and 
Dicksoniaceae is given below. 

Coniopteris hymenophylloides (Bronent.) 
(Pl. 20, figs. 5, 6) 
1912 Spores — Tuomas, Proc. Camb. Philos. Soc. 16 (4), Pl. 3, fig. 5. 
1934 Spores — Epwarps, Ann. Mag. Nat. Hist. Ser. 10, 13, Text fig. 2, p. 92. 
Age. Middle Jurassic. 
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Description. The illustrations of the spores of this species are rather inadequate in the papers 
cited above and through the courtesy of Dr. H. Hamsuaw Tuomas, the writer has prepared slides from 
fertile specimens collected by Dr. Tuomas from Hayburn Wyke in Yorkshire. The following description 
is based on this material. 

Spores trilete, laesurae reaching almost to equator, simple commissures; triangular with concave 
sides in equatorial contour, plano-convex in side view; exine smooth, 1 to 2 u, mainly 1.5 « thick. 

Size Range. 41 (50) 57 « (equatorial diameter). 37 (40) 52 « (polar diameter). 

Comparable Dispersed Spore. Cyathidites minor Couper. 

Affinity. Wırson and Yates (1953, p. 936—937) classed this species, along with E. lobifolia in the 
Thyrsopteridae because of the nature of the sori. 


Coniopteris tatungensis SZ. 
ŒIP0 fis) 

1951 Spores — Hare, Ann. Mag. Nat. Hist. Ser. 12, 4, Text fig. 2 D, p. 1143. 

Age. Middle Jurassic. 

Description. The following description is based upon re-examination of Harr’s preparation (slide 
V 29 235) in the British Museum (Natural History). 

Spores trilete, laesurae simple, reaching almost to equator, triangular with generally concave sides 
in equatorial contour, plano-convex in side view; exine smooth and around 1 to 1.5 u thick. 

Size Range. 35 (45) 50 u (equatorial diameter). (Specimens insufficient for measurements of polar 
diameter.) 

Comparable Dispersed Spore. Cyathidites minor Courer. 

Affinity. Hare (1951, p. 1144), classed C. tatungensis with Thyrsopteris rather than with Dicksonia 
because of the nature of the indusium. 


Spore Morphology of Recent and Fossil Dicksoniaceae and Cyatheaceae 


Four genera, Dicksonia, Cibotium, Cystodium and Thyrsopteris were included in the Dicksoniaceae 
by Horrrum (1949) but were placed in the Pteridaceae by Corerann (1947). There are points of resem- 
blance between the spores of some species of Dicksonia and Cibotium and those of Pteris, although the 
spores of the two families are distinguishable (see for example, SELLING 1946 and W. F. Harris 1955). 

The spore morphology of the Dicksoniaceae can be summarized thus; trilete, commissures usually 
flanked by a margo; spores of most species triangular with characteristically concave sides in equatorial 
contour; exine thick, 2 to 4 « but up to 8 ~ in some species of Cibotium, generally thickest at the apices 
of the spore when seen in polar view; more or less smooth in Thyrsopteris but usually granular, verru- 
cate or ridged. Size rather variable, generally over 40 u in equatorial diameter (Knox 1938, SELLInG 1946 
and W. F. Harris 1955). 

In the Cyatheaceae, the only genus here considered is Cyathea, in which are included species for- 
merly referred to Hemitelia and Alsophila (see W. F. Harris 1955). Like those of the Dicksoniaceae, the 
spores are trilete and generally triangular with markedly concave sides in polar view. Laesurae are long 
and either simple commissures or are flanked by a margo. Exine from 1 to 4 u thick, sometimes thickening 
slightly at the apices of the spore; usually smooth, but in some living species such as Cyathea (Hemitelia) 
smithii Hoox. f. and Cyathea dealbata (Forst. f.) Swartz. the spores have a thin outer coat (perine), 
smooth to finely granular in C. smithii and densely papillate or scabrate in C. dealbata. This outer coat 
is only occasionally preserved even in very young peat deposits and has not been noted in any of many 
thousands of upper Tertiary cyatheaceous spores examined by the writer from New Zealand. 

The Mesozoic fossil spores noted above are clearly more like those of Thyrsopteris (and some spe- 
cies of Cyathea) than Dicksonia and suggests that the affinity of their parent plants with the Thyrsop- 
teridae emphasized by most writers is possibly correct. 


— 116 — 


Family Matoniaceae 
Phlebopteris angustiloba (Presr.) HırMER and HOERHAMMER 


1931 Spores — Laccopteris angustiloba Harris, Medd. Om. Gronld. 85 (2), Pl. 14, fig. 6. 
1950 Spores — Lunpstap, K. Svensk. Vet. Akad. Handl..1 (8); PL 320250: 

Age. Rhaetic-Liassic. 

Description. Trilete, laesurae distinct, reaching to equator, commissures bordered by a distinct 
margo; equatorial contour triangular with convex sides; exine smooth and thick (2 to 3 w). 

Size Range. 38 (41) 49 « in equatorial diameter. 

Comparable Dispersed Spore. Matonisporites equiexinus n. sp. (Pl. 20, figs. 13, 14). 


Phlebopteris hirsuta SAHNI and SITHOLEY 


1945 Spores — Sanni and SirHoey, Proc. Nat. Acad. Sci. India 15 (3), Pl. 2, figs. 7, 8, 9 and 1 

Age. Jurassic. 

Description. From the clear photomicrographs and description given by SAHNI and SITHOLEY the 
spores can be described as follows. 

Trilete, laesurae distinct, reaching to equator, commissures bordered by a distinct margo; equatorial 
contour triangular, sides convex, straight or slightly concave between apices; exine smooth, very thick, 
up to 8 to 10 w at corners (apices) and 2 to 6 u between apices. 

Size Range. 50 to 60 uw in equatorial diameter. 

Comparable Dispersed Spore. Matonisporites phlebopteroides n. sp. (Pl. 20, figs. 15—17). 


Phlebopteris indica SAHNI and SITHOLEY 


1945 Spores — Sıannı and SITHOLEY, Proc. Nat. Acad. Sci. India 15 (3), Pl. 4, figs. 20, 21. 

A ge. Jurassic. 

Description. The spores of this species are not well illustrated but appear to be very similar to 
P. hirsuta. Judging from the illustrations, the exine is around 8 « thick at the apices and some 4 u be- 
tween the apices. 

Size Range. 64 to 68 « in equatorial diameter. 

Comparable Dispersed Spore. Matonisporites phlebopteroides n. sp. 


Phlebopteris muensteri (ScHENK.) HIRMER and HOERHAMMER 
1936 Spores — Hırmer and HOERHAMMER, Palaeontographica B 81, Pl. 5, fig. 5 A and B. 

A ge. Liassic. 

Description. Trilete, laesurae distinct, reaching to equator, commissures bordered by a distinct 
margo; equatorial contour triangular with more or less straight sides; exine smooth, very thick, up to 
5 u at apices. 

Size Range. 60 to 70 u in equatorial diameter. 

Comparable Dispersed Spore. Matonisporites phlebopteroides n. sp. 


Selenocarpus munsterianus (PRESL.) SCHENK. 
1936 Spores — HırMER and HOERHAMMER, Palaeontographica B 81, PI. 10, fig. 6. 

Age. Liassic. 

Description. The spores are not well illustrated but can be described as trilete, laesurae 
distinct, long, reaching to equator and with some indication in the illustrations of a margo; convex 
between apices in polar view; exine smooth, and around 3 u thick, thickening at apices. 

Size Range. 40 to 50 uw in equatorial diameter. | 

Comparable Dispersed Spore. Matonisporites equiexinus n.sp. 
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Matonidium goepperti (Err.) ScHENK. 
1913 Spores — Sewarp, Quart. J. Geol. Soc. 69, Text figs 2C/p 91; 
1936 Spores — Hirmer and HOERHAMMER, Palaeontographica B 81, Pl. 10, fig. 6. 

Age. Middle Jurassic to Lower Cretaceous. 

Description. In neither publication are the spores well illustrated or adequately described. They 
are, however, trilete, laesurae reaching to equator (no clear indication of a margo); sides straight to con- 
vex in polar view; exine smooth, thick, around 3 u; size, around 60 u. 

Comparable Dispersed Spore. Matonisporites equiexinus n. sp. 


Spore Morphology of Recent and Fossil Matoniaceae 


The spores of the Recent species, Matonia pectinata (see Pl. 20, figs. 11, 12) are trilete, laesurae 
reaching to equator; commissures raised on a narrow ridge some 3 « above the surface, bordered by a 
broad, distinct margo; equatorial contour triangular, sides mainly straight to slightly convex, but occa- 
sionally concave; exine smooth, very thick, around 4 to 5 u, not thickening greatly at the apices. 48 (60) 
66 u in equatorial diameter. 

The fossil Matoniaceae noted above all have spores comparable with those of M. pectinata in shape, 
very thick exine, and presence of a distinct margo. The fossil spores illustrated are not suitably orien- 
tated to show whether the commissures are raised as in M. pectinata, but dispersed spores clearly ex- 
hibiting this feature are common in some samples from the Middle Jurassic of Yorkshire. 


Family Cheiropleuriaceae? 
Dictyounhyllum rugosum L. and. 
(Pl. 21, figs. 3, 4) 
1922 Spores — Tuomas, Proc. Camb. Philos. Soc. 21 (2) (description only). 
1944 Spores — Harris, Ann. Mag. Nat. Hist. Ser. 11, XI, Text fig. 3 F and G, p. 668. 

Age. Middle Jurassic. 

Description. The following description is based on slides V 25 874 b and V 25 892 deposited by 
Harris in the British Museum (Natural History) and a new preparation made by the writer from a fertile 
specimen collected by Dr. H. HamsHaw Tuomas. 

Spores trilete, laesurae distinct, reaching to equator, consisting of a raised commissure bordered by 
a distinct margo (= the “cutinized ridge’ of Harris, p. 669); equatorial contour triangular, with gene- 
rally slightly concave sides between apices; in equatorial view, distal surface is markedly convex, the 
proximal less so; exine smooth, from 1 to 1.5 « thick, occasionally up to 2 u. 

Size Range. 33 (48) 58 u in equatorial diameter. 

Comparable Dispersed Spore. Dictyophyllidites harrisii n. sp. (Pl. 21, figs. 5, 6). 


Dictyophyllum nilssoni (BRONGN.) GOEPPERT 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), PI. 14, fig. 4. 

Age. Liassic of Greenland. 

Description. Trilete, laesurae distinct, reaching to equator; commissures bordered by a margo 
(spores not suitably orientated in Harris’s illustrations to see whether the commissures are raised); equa- 
torial contour triangular with convex to straight sides; exine smooth and around 2 « thick. In a later 
publication Harris (1944) gave the size range as 26 to 47 u, average around 37 u. 


Dictyophyllum muensteri (GoEPPERT) NATHORST 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl. 14, fig. 3. 
Age. Liassic of Greenland. 
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Description. Trilete, laesurae distinct, reaching to equator, bordered by a clear margo (spores 
not suitably orientated to show whether the commissures are raised); equatorial contour triangular with 
straight to slightly convex sides; exine smooth and around 1.5 to 2 u thick (from measurement of Harrıs’s 
figure); size according to Harris is around 60 4 (the figured spore is 76 according to the magnification 
given). 

Thaumatopteris schenki NATHORST 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), Pl: 18.092. 

Age. Liassic. 

Description. The photomicrograph is inadequate for a detailed description but the spore appears 
trilete, rounded triangular and with a smooth exine about 2 u thick. The size is around 40 u. 


Clathropteris meniscoides BRroncn. 


1931 Spores — Harris, Medd. Om. Gronld. 85 (2), PI. 18, fig. 3. 

Age. Rhaetic-Liassic. 

Description. Trilete, triangular with straight to slightly concave sides in polar view; exine thin, 
around 1.5 u; sculpture of closely spaced papillae projecting some 2 u above the general surface of the 
spore. Size given as about 40 u. 

The papillate spores of this species appear quite different from the spores of Dictyophyllum and 
Thaumatopteris. 


Clathropteris obovata var. magna Tur — Ker. 


1950 Spores — Viapomrrovitcu, Doklady Acad. Sci. U.S.S.R. 75 (2), Text fig. 1, p. 366. 

Age. Jurassic. 

Description. Viapomirovircn illustrated the spores with a line drawing from which the following 
description can be obtained; trilete, laesurae long, and apparently bordered by a margo; equatorial con- 
tour triangular with slightly concave sides; exine smooth but thickness cannot be measured; size range 
given in text as 35 to 52 w (? equatorial diameter). 

Clathropteris obovata is known from the Jurassic of Yorkshire, but no description of any associated 
spores has been published to the writer’s knowledge. 


CASS TMICA TNO Ia 


Hazze (1921, p. 15—19) considered Dictyophyllum as intermediate in character between the 
Gleicheniaceae and Cyatheaceae and also commented on the resemblance to the Matoniaceae. He con- 
sidered the size of the sporangia, the number of spores produced and the greater extension of the annulus 
precluded its classification under either the Dipteridineae or Matoniaceae. 

Tuomas (1922, p.116), however, suggested that not only Dictyophyllum, but also other related 
Mesozoic forms should be considered as closely allied to the modern dipterid ferns. He cited the Recent 
species Cheiropleuria bicuspis as the nearest relation to D. rugosum. 

T. M. Harris (1944) commented on the affinity of D. rugosum as follows; “The sporangia show the 
characters of certain families of the Simplices without being exactly like any one... It is possible that 
such sporangia as those of Dictyophyllum could have evolved into the polypodiaceous type of Dipteris 
but to do so they must have changed more than had been realised.” 

Other writers, including Knox (1938) and Lunpsiap (1950) either imply or state a relationship with 
the Matoniaceae. 

In view of some of the conflicting opinions on the classification briefly outlined above, it is inter- 
esting to note that the spores of Cheiropleuria bicuspis (the living species suggested by Tuomas as being 
a Close relative of Dictyophyllum) are closely comparable to those of Dictyophyllum. 
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They can be described as; trilete, laesurae reaching to equator, commissures raised about 2 u above 
surface, bordered by a broad margo (see Pl. 21, figs. 1, 2); equatorial contour triangular with usually 
straight to slightly concave or convex sides; exine thin (1 to 1.5 u) and smooth. 24 (33) 37 u in equatorial 
diameter. 

It should be noted that the spores of all other genera of what are termed the “Dipterid ferns” are 
small and monolete, with a very thin, smooth exine (Knox 1938 and the writer’s unpublished obser- 
vations). 

Spore morphology supports THomas’s view that Cheiropleuria bicuspis is the nearest living relative 
to Dictyophyllum. The Matoniaceae also have somewhat similar spores but they are very thick walled. 
Those of the genus Gleichenia are also similar but do not have such a distinct margo. In this connection, 
CopELAND’s (1947, p. 178) comments on Cheiropleuria bicuspis (a monotypic genus) are worthy of note; 
“Cheiropleuria is an isolated genus, raised to family status by Nakai. There are evidences of affinity to 
Gleicheniaceae and Matoniaceae and to Dipteris and Platycerium”. 


Caytoniales 


Caytonanthus arberi (THomas) Harris 
(Pl. 26, figs. 1—6) 
1925 Pollen grains — Antholithus arberi Tuomas, Phil. Trans. Roy. Soc. Lond. B 213, PI. 14, figs. 38, 40. 
1937 Pollen grains — Caytonanthus arberi Harris, Medd. Om. Gronld. 112 (2), possibly specimens 
figured as Text fig. 4 A—C, but not those described and figured as C. arberi. 
1941 Pollen grains — Harris, Ann. Bot. n. s. 5, Text fig. 5, p. 50. 
1945 Pollen grains — Harris, Ann. Mag. Nat. Hist. Ser. 11, 12, p. 375. 
1951 Pollen grains — Harris, Phytomorphology 1 (1—4), p. 33, Text fig. 2, p. 32. 

Age. ? Liassic to Middle Jurassic. 

Description. The following description is based on a re-examination of slide V 25 903 g, deposited 
by Harris in the British Museum (Natural History). 

Pollen grains disaccate or very rarely trisaccate (less than 1 specimen in a 1000); body of grain 
longer than broad or occasionally circular in equatorial contour; exine of body very thin, around 0.75 u, 
finely scabrate to almost smooth; bladders shovel-shaped and large in relation to body of grain, occasio- 
nally almost coalescing to form an annular ring, sculptured with rather obscure, fine, reticulate thicken- 
ings; in equatorial (side) view, the bladders appear to be slightly offset towards the distal surface. 


Size Range. 
Length of body; 10 (14) 17 u Breadth of bladders; 8 (12) 15 wu 
Breadth of body; 8 (10) 14 u Overall Breadth of grain; 21 (25) 29 u 


Length of bladders; 10 (14.5) 16 « Ratio Length to Breadth of body; 0.99 (1.4) 1.85 
Comparable Dispersed Grains. Caytonipollenites pallidus (REISSINGER) (Pl. 26, figs. 7, 8). 


Caytonanthus oncodes Harris 
1937 Pollen grains — Caytonanthus arberi (non Tuomas) Harris, Medd. Om. Gronld. 112 (2), Text 
fig. 4 D—G (isolated pollen grains). 
1941 Pollen grains — Harris, Ann. Bot. n.s. 5, Text figs. 3 and 6. 
Age. ?Liassic to Middle Jurassic. 
Description. The following description is based on slide V 18 595 b and c deposited by Harris 


in the British Museum (Natural History). 
Pollen grains disaccate, body of grain longer than broad in equatorial contour; exine of body 
around 0.75 « thick and finely scabrate to smooth; shape, sculpture and attachment of bladders as in 


C. arberi. 
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Size Range. 
Length of body; 12 (18) 20 u Breadth of bladders; 11 (14) 16 u 
Breadth of body; 9 (12) 13 u Overall Breadth of grain; 27 (30) 34 u 


Length of bladders; 12 (18) 21 u Ratio Length to Breadth of body; 1.3 (1.5) 1.9 
Comparable Dispersed Grain. Caytonipollenites pallidus (REISSINGER). 


Caytonanthus kochi Harris 

1937 Pollen grains — Harris, Medd. Om. Gronld. 112 (2), Text fig. 4 H—J, p. 45. 

Age. Basal Liassic of Greenland. 

Description. Harris (p.43) described the pollen grains as follows. “Pollen grains commonly 
30 u from wing to wing, 18 « in diameter (limits of variation in length, 33 to 26 w), fairly thickly cutini- 
zed. Walls separating central cell from wings strongly marked. Surface of central cell smooth, surface 
of wings nearly smooth, showing only the most indistinct thickenings and pits.” 

From measurements of Harnıs’s illustrations the ratio of length to breadth of the body of the grain 
= 1.4 to 1.54. Length of body of grain is 14 to 18 w and width is 9 to 13 u. 


The Correlation of separate Organs in the Caytoniales 


Harris (1941, p.55), referred the following organs to the Caytoniales and correlated them thus: 


Microsporophyll Megasporophyll Leaf 

Caytonanthus kochi Caytonia thomasi Sagenopteris nilssoniana 
C. arberi C. nathorsti S. phillipsi 

C. oncodes C. sewardi S. colpodes 


Pollen Grain Morphology ofthe Caytoniales 

Pollen grains of Caytonanthus are separable from the winged grains of living conifers by their ex- 
tremely small size and the greater length of the body compared with the breadth. The bodies of winged 
conifer grains are normally broader than long. A characteristic feature of the grains of C. arberi and 
C. oncodes at least, is the poorly defined outline of the body when seen in polar view. 

It should be noted that Tuomas (1925, p. 330) considered the bladders to be symmetrically and not 
distally attached. T. M. Harris (1951, p. 33), considered the bladders to be set slightly towards the distal 
surface. In all suitably orientated grains seen by the writer, the bladders appear to be attached distally, 
but not markedly so. 


Mesozoic Pteridospermae 


Antevsia zeilleri (NATHoRsT) Harris 
1908 Pollen grains — Antholithus zeilleri NatHorst, K. Svensk. Vet. Akad. Handl. 43 (6), Pl. 2, figs. 59 
and 60. 
1914 Pollen grains — Antholithus zeilleri Antevs, K. Svensk. Vet. Akad. Handl. 51 (7), Pl. 3, figs. 14—16. 
1932 Pollen grains — Antholithus zeilleri Harris, Medd. Om. Gronld. 85 (3) (not illustrated). 
1937 Pollen grains — Antevsia zeilleri Harris, Medd. Om. Gronld. 112 (2), p. 35. 

Age. Rhaetic of Scania and Greenland. 

Description. The following description is based on the illustrations and descriptions given by 
ANTEvs and Naruorst; pollen grains monosulcate, sulcus long and tending to expand at ends and narrow 
in the middle; grains more or less oval in polar and side (equatorial) views; exine thin (probably less than 
2 u) and smooth. 


Size Range. 


Length; 42 to 50 u Ratio Length to Breadth; 1.3 to 1.64 
Breadth; 26 to 38 « Harris (1932) noted the size as about 30 u 
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Affinity. Antevsia zeilleri is considered to be possibly the male fructification of Lepidopteris 
ottonis (Gorr.) Scuimp. and is classed as a Mesozoic successor to the Palaeozoic pteridosperms (NATHORST 
1908, Anrtevs 1914). Harris (1937) accepted the association with Lepidopteris and classed it as a member 
of the Peltaspermaceae, a pteridospermous family proposed by Tuomas (1933). 


Antholithus wettsteini Krasser 

1943 Pollen grains — Krävseı, Palaeontographica B 87, Pl. 13, figs. 3, 5, 6, 7. 

Age. Upper Triassic of Lunz. 

Description. Pollen grains monosulcate, sulcus long, broad; grains more or less oval in polar 
view; exine probably around 1.5 to 2 « thick and smooth. 

Size Range (from KräuseL’s description). Length; 27 to 52 u. Breadth; 19 to 34 u. Ratio Length 
to Breadth (from Kräuser’s illustrations); 1.5 to 2. 

Affinity. KräuseL made no definite statement on affinity. 


Harrisia marsilioides (Harris) LUNDBLAD 


1932 Pollen grains — Hydropteridangium marsilioides Harris, Medd. Om. Gronld. 85 (5), Pl. 10, fig. 4. 
1950 Harrisia marsilioides n. comb. Lunpsiap, K. Svensk. Vet. Akad. Handl. 1 (8), p. 71—73. 
1951 Pollen grains — Harris, Phil. Trans. Roy. Soc. Lond. B 235 (628), p. 504. 

Age. Rhaetic of Greenland. 

Description. Pollen grains disaccate, body of grain longer than broad in polar view; bladders 
shovel-shaped and large in relation to body of grain, sculptured with a fine reticulation. 


Size Range. 


Length of body; 17 to 28 u Breadth of bladder; 15 to 16 u 
Breadth of body; 15 to 18 u Overall breadth; 36 to 40 u (3 measured specimens) 
Length of bladder; 22 to 28 « Ratio Length to Breadth of body; 1.15 to 1.6. 


Affinity. A pteridospermous affinity is suggested by both Harris and Lunpsiap. Although their 
pollen grains are so similar, H. marsilioides is apparently not closely related to the Caytoniales. 


Pteruchus africanus THomas 
(Pl. 26, fig. 9) 
1933 Pollen grains — Tuomas, Phil. Trans. Roy. Soc. Lond. B 222 (489) (not figured). 

Age. ? Middle Triassic (Molteno Beds of Natal). 

Description. The following description is based on re-examination of slides of pollen grains of 
P. africanus (U. 93, 176 and 244) kindly supplied to the writer by Dr. H. Hamsuaw Tuomas. In all pre- 
parations the grains are still stuck together in the pollen sacs. No further material was available for 
fresh preparations. 

Pollen grains disaccate, body of grain longer than broad, to occasionally almost circular in polar 
view, outline of body often poorly defined; exine of body 1 to 1.5 « thick, finely scabrate; bladders shovel- 
shaped, sometimes almost coalescing around the ends of the body, sculptured with fine endexinal thicken- 
ings forming a microreticulate pattern, mesh of reticulum rarely more than 2 w across. 


Size Range (20 specimens). 
Length of body; 38 (50) 65 u Breadth of bladder; 25 (33) 40 u 


Breadth of body; 33 (43) 58 u Overall breadth of grain; 63 (86) 97 u 
Length of bladder; 38 (53) 65 « Ratio Length to Breadth of body; 0.88 (1.18) 1.28 


Comparable Dispersed Grains. ? Pteruchipollenites thomasii n. sp. (Pl. 26, figs. 10— 12). 


Pteruchus papillatus THomas 
1933 Pollen grains — Tuomas, Phil. Trans. Roy. Soc. Lond. B 222 (489), Pl. 24, fig. 77. 
Age. ? Middle Triassic (Molteno Beds of Natal). 
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Description. No preparations of the pollen grains of this species were available for study by 
the writer, but from Tuomas’s figure and description, the pollen grains appear very similar to those of 
P. africanus. Length to breadth ratios of the bodies of the three figured specimens are 1.12, 1.12, and 1.2. 

The pollen grains of Pteruchus are similar in appearance to those of Caytonanthus but are much 
larger. They are also similar to the winged grains of conifers but differ in some features, notably their 


length to breadth ratio. 


Cycadales 


Androstrobus manis Harris 
(Pl. 26, figs. 15, 16) 

1941 Pollen grains — Harris, Phil. Trans. Roy. Soc. Lond. B 231, Text fig. 1 A——D. 

Age. Middle Jurassic of Yorkshire. 

Description. The following description is based on re-examination of slides V 25 900 a (type) 
and V 25 899 d, deposited by Harris in the British Museum (Natural History). 

Pollen grains monosulcate, sulcus extending almost whole length of grain, tends to be constricted 
in middle and to gape at ends; grains more or less oval in polar view; exine 1 to 1.5 w thick, finely scabrate 
under oil immersion, smooth under high power. 


Size Range. 
Length; 33 (38) 42 u Depth; 18 (25) 28 u 
Breadth; 25 (28) 33 « Ratio Length to Breadth; 1.05 (1.23) 1.45 
Comparable Dispersed Grains. Monosulcites minimus Cooxson (Pl. 26, figs. 23—25). 
Affinity. A. manis probably belongs to the leaf genus Nilssonia and is classed as a cycadalean 
fructification (Harris 1941). 
Androstrobus wonnacotti Harris 
(Pl. 26, figs. 17, 18) 
1941 Pollen grains — Harris, Phil. Trans. Roy. Soc. Lond. B 231, Text fig. 2 D—F. 
Age. Middle Jurassic of Yorkshire. 
Description. The following description is based on re-examination of slide V 25 850, deposited 
by Harris in the British Museum (Natural History). 
As for A. manis in shape, thickness of exine and sculpture. 


Silzeshanıge: 

Length; 23 (28) 34 u Depth; 18 (20) 25 u 

Breadth; 20 (23) 25 « Ratio Length to Breadth; 1.05 (1.2) 1.3 
Comparable Dispersed Grains. Monosulcites minimus Cookson. 


Pollen Grain Morphology of Recent Cycadales 


WoDEHOUSE (1935, p. 235—240), described and discussed the morphology of the pollen grains of a 
number of living cycadalean species, pointing out that throughout the group, the grains are essentially 
the same, namely, monosulcate and broadly elliptical in polar view. The sculpture ranges from smooth 
in Zamia and Ceratozamia to scabrate in Cycas. Those of Microcycas are described (p. 235) as ‘somewhat 
wrinkled on the dorsal surface, suggesting the crinkly surface of the cap of the grain of Pinus, Podocar- 
pus, Tsuga and others”. 

The writer has had only the opportunity to examine the pollen grains of Zamia (species unknown) 
which can be described as follows. 

Grains monosulcate, sulcus broad and reaching almost whole length of grain, rounded at ends; grains 
broadly elliptical to occasionally almost circular in equatorial contour; exine smooth and about 1 u thick. 
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Size Range. 
Length; 23 (25) 30 u Depth; 15 (18) 20 u 
Breadth; 18 (20) 25 « Ratio Length to Breadth; 1.15 (1.2) 1.3 
The overall size range (length) of the pollen grains of 11 species of Cycadales described by Wope- 
HOUSE (1935) and ErDTMAN (1943) is 20 to 40 u. The grains of most species are less than 30 « and the 
length to breadth ratio is about 1.2. 


The pollen grains of both Androstrobus manis and A. wonnacotti compare closely with those of liv- 
ing cycadalean species. 


Ginkgoales 
Ginkgo huttoni (STERNBERG) HEER 
(Pl. 26, fig. 21) 
1948 Pollen grains — Harris, Ann. Mag. Nat. Hist. Ser. 12, 1, Text fig. 6A and B, p. 203. 

Age. Rhaetic-Lower Cretaceous. 

Description. The following description is based on re-examination of slide V 27 499 a, deposited 
in the British Museum (Natural History). The grains are still in the pollen sac, making it difficult to 
obtain adequate illustrations. 

Pollen grains monosulcate, sulcus extending whole length of grain, tends to be constricted in middle, 
gaping at ends; grains more or less oval in polar view, many specimens have pointed ends; exine around 
1 « thick, smooth to faintly scabrate. 

Size Range. 

Length; 25 (33) 40 u Depth; 17 (18) 23 u 
Breadth; 15 (23) 28 « Ratio Length to Breadth; 1.5 (1.65) 1.75 
Comparable Dispersed Grains. Monosulcites minimus Cooxson (Pl. 26, figs. 23—25). 


Ginkgoites lunzensis (Stur) FLORIN 
1943 Pollen grains — KRäAUSEL, Palaeontographica B 87, Pl. 3, figs. 4, 5. 
Age. Triassic of Lunz. 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; grains 
more or less oval in polar view; exine around 1.5 « thick and smooth. 


Size Range. 


Length; 48 to 56 u (Depth not determinable in Kräuser’s illustration) 
Breadth; 32 to 46 u Ratio Length to Breadth; 1.2 to 1.5 


Sphenobaiera furcata (Heer) FLORIN 
1943 Pollen grains — Krause, Palaeontographica B 87, Pl. 14, figs. 10, 11 
Age. Triassic of Lunz. 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; oval 
in polar view; exine smooth (thickness not determinable). Size given as mainly 38 to 42 u long (largest 
seen was 61 u). Ratio length to breadth measured from KräuseL’s illustrations = 1.1 to 1.5, mainly 1.3. 


Pollen Grain Morphology of Recent Ginkgoales 


The pollen grains of Ginkgo biloba (Pl. 26, figs. 19, 20), the only living representative of the Gink- 
goales, can be described as follows. 

Grains monosulcate, sulcus running almost the whole length of the grain, broad, with rounded ends 
and a clear furrow floor; grains ellipsoidal with rather pointed ends in polar view; exine smooth and 0.75 
to 1 « thick. 
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Size Range. 
Length; 25 (33) 38 u Depth; 13 (18) 18 « 
Breadth; 18 (20) 23 u Ratio Length to Breadth; 1.2 (1.6) 1.7 
Wopenousz (1935), in a key to the pollen grains of living gymnosperms (p. 233), recorded those of 
Ginkgo as “longer than broad” in comparison with cycadalean grains which are “almost as broad as 
long”. This is clearly shown by the length — breadth ratio of Ginkgo (1.6) compared with that of living 
cycadalean grains (1.2). 
The pollen grains of the Jurassic Ginkgo huttoni are very similar to those of the G. biloba and it is 
noteworthy that they are considerably more elongated than the pollen grains of the Jurassic cycadaleans, 
Androstrobus manis and A. wonnacotti. 


The pollen grains of the Triassic ginkgoaleans, Ginkgoites lunzensis and Sphenobaiera furcata are 
also generally similar to those of Ginkgo but are larger and appear from the illustrations to be less 
elongated. 


Doubtful Ginkgoales 


Bernettia phialophora Harris 
1935 Pollen grains — Harris, Medd. Om. Gronld. B 112 (1), Pl. 23, figs. 2, 13, 14. 

Age. Rhaetic-Liassic of Greenland. 

Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; grains 
more or less oval in polar view; exine smooth (thickness not measurable in illustrations, but probably 
thin). 

Size Range. 


Length; 33 (37) 42 «u Depth; (not measurable in illustrations) 
Breadth; 25 to 33 u Ratio Length to Breadth; 1.2 (1.3) 1.4 


Affinity. B. phialophora could possibly be classed as Ginkgoales but may belong to the Cycadales 
(Harris 1935). 
Sphaerostrobus clandestinus Harris 
1935 Pollen grains — Harris, Medd. Om. Gronld. B 112 (1), Text fig. 50 C and D, p. 149. 
Age. Rhaetic of Greenland; 2 localities. 


Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; grains 
oval in polar view; exine (according to Harris) rather thin and finely granular. Size (according to Harris) 
about 26 u long and 16 « in breadth. Ratio Length to Breadth from 2 species figured = 1.5. 

Affinity. Harris commented that S. clandestinus may have belonged to the form genus Podo- 
zamites. 


Sorosaccus gracilis Harris 
1935 Pollen grains — Harris, Medd. Om. Gronld. B 112 (1), Text fig. 50 E and F, p. 149. 
Age. Liassic of Greenland. 


Description. Both description and illustrations of the pollen grains of this species are rather 
inadequate, but the grains are monosulcate, and are said to be very thin walled and very finely granular 
(almost smooth) and measure 90 by 60 u. 


Affinity. Harris (1935), commented that the affinity of this species may be with the Ginkgoales 
but that it was very doubtful. | 


Judging by the size of the pollen grains its affinity may be with the Bennettitales (see below). 
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Stenomischus athrous Harris 
1935 Pollen grains — Harris, Medd. Om. Gronld. B 112 (1), Pl. 24, fig. 9. 
Age. Basal Liassic of Greenland (one locality only). 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; oval in 
polar view; exine smooth and around 1.5 u thick. 
Size. 
Length (2 specimens only); 35 to 37 u Ratio Length to Breadth; 1.15 
Breadth (2 specimens only); 30 to 32 u 
Affinity. Harris gave no definite statement on the affinity of the species. 


Bennettitales 


Bennettistemon amblum Harris 
1932 Pollen grains — Harris, Medd. Om. Gronld. B 85 (5), Pl. 12, fig. 17. 
Age. Rhaetic-Liassic of Greenland. 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; oval 
in polar view; exine smooth and thin (exact thickness cannot be determined in the illustrations). 
Size (measured from the illustrations). 
Length; 32 to 37 u Ratio Length to Breadth; 1.3 to 1.75 
Breadth; 20 to 23 u 
Affinity. B. amblum is a microsporophyll referred to the Bennettitales on its cuticle characters 
(Harris 1932). 
Bennettistemon bursigerum Harrıs 
1932 Pollen grains — Harrıs, Medd. Om. Gronld. B 85 (5), Pl. 13, fig. 2. 
1950 Pollen grains — LunpBLap, K. Svensk. Vet. Akad. Handl. 1 (8), Pl. 11, figs. 9, 11, 12. 
Age. Rhaetic-Liassic. 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; grains 
oval in polar view; exine smooth, thin (exact thickness cannot be determined in illustration). 


Size Range (according to LUNDBLAD). 

Length; 22 (26) 29 u Depth; 10 (13) 13 u 

Breadth; 13 (16) 19 « Ratio Length to Breadth (measured from illustrations) = 1.6 to 1.7 
Affinity. This species is considered to belong probably to the leaf Pterophyllum compressum. 


Bennettistemon ovatum Harris 


1932 Pollen grains — Harrıs, Medd. Om. Gronld. B 85 (5), Pl. 13, fig. 9. 
Age. Rhaetic-Liassic of Greenland. 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; exine 
smooth, thin (not measurable). 
Size Range (measured from illustrations). 
Length; 26 to 32 u Ratio Length to Breadth; 1.5 to 1.6 
Breadth; 18 to 20 u 
Affinity. Not definitely associated with any one leaf species. 
Wielandiella angustifolia NATHoRsT 
1909 Pollen grains — Naruorst, K. Svensk. Vet. Akad. Handl. 45 (4), Pl.5, figs. 11—13. 
Age. Rhaetic. 
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Description. Pollen grains monosulcate, sulcus extending whole length of grain; exine thick- 
ness not given and not measurable in illustrations, smooth to (according to Naruorsr) finely granular. 

Size Range (according to Naruorst). Length; 28 to 50 u (usually 32 to 42 «); Breadth; not given 
and figured specimens appear invaginated so that true breadth cannot be measured. 

Affinity. W.angustifolia is referred to the Bennettitales and has foliage leaves of the Anomo- 
zamites type. 

Wielandiella punctata NATHORST 

1909 Pollen grains — Natnorst, K. Svensk. Vet. Akad. Handl. 45 (4), Pl. 7, figs. 19—22. 

Age. Rhaetic. 

Description. Pollen grains monosulcate, sulcus extending whole length of grain; exine smooth, 
about 1.5 to 2 « thick (measured from illustrations). 


Size Range (according to NATHORST). 
Length; 45 to 66 u, mainly 58 « Ratio Length to Breadth; 1.6 to 2.2 
Breadth; 26 to 40 «, mainly 29 u 

Affinity. As for W. angustifolia. 


Williamsonia himas Harris 
1953 Pollen grains — Harris, Ann. Mag. Nat. Hist. Ser. 12, 6, Text fig. 4 C and D, p. 44. 
Age. Middle Jurassic of Yorkshire. 
Description. Pollen grains monosulcate, sulcus extending whole length of grain; exine scabrate 
(almost smooth), exine thickness not given and not measurable in illustrations. 


Size Range (according to Harris). 
Length; 30 to 70 u average 49 u (50 measurements) Ratio Length to Breadth; around 2.0 u 
Breadth; no size range given but are said to be around 25 « 


Comparable Dispersed Grains. Monosulcites carpentieri (Pl. 26, figs. 26, 27). 
Affinity. The pollen grains were described from a bennettitalean female flower. 


Williamsonia setosa NATHORST 
1953 Pollen grains — Harris, Ann. Mag. Nat. Hist. Ser. 12, 6, Text fig. 6C, p. 50. 

Age. Whitby Plant Bed, Yorkshire (Middle Jurassic). 

Description. Harris gave only a brief description of the pollen grains and illustrated them by a 
line drawing of a macerated pollen capsule enclosing a number of pollen grains. The grains are oval and 
presumably monosulcate, around 37 « long and 20 u broad and are said to have a thin, finely granular 
exine. 

Affinity. The pollen grains were described from a male flower of probable bennettitalean affinity 
although Harris commented (p. 49): “It is very questionable whether Williamsonia is the right designa- 
tion for this peculiar flower ...” 


Williamsonia spectabilis Natuorst 
1909 Pollen grains — Natuorst, K. Svensk. Vet. Akad. Handl. 45 (4), Pl. 2, figs. 2—10. 
1911 Pollen grains — Naruorst, K. Svensk. Vet. Akad. Handl. 46 (4), Pl. 3, fig. 1. 
Age. Whitby Plant Bed, Yorkshire (Middle Jurassic). 


Description. Pollen grains monosulcate, sulcus extending the whole length of the grain; exine 
smooth, exine thickness not given. 


Size Range. 


Length; 58 to 65 u Ratio Length to Breadth (measured from illustrations) 1.4 to 1.9 
Breadth; 32 to 45 u 


Comparable Dispersed Grains, Monosulcites carpentieri. 
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Williamsonia pecten (LECKENBY) CARRUTHERS 
1909 Pollen grains — Narxorsr, K. Svensk. Vet. Akad. Handl. 45 (4), Pl. 2, figs. 12—15. 
Age. Middle Jurassic of Yorkshire. 
Description. Pollen grains monosulcate, sulcus extending whole length of grain; exine smooth, 
thickness not given. 
Size Range. 
Length; 36 to 44 u 
Breadth; size range not given but from measurement of illustrations is around 20 u 
Ratio Length to Breadth (in two undistorted specimens); 1.7 to 2.1 u 
Williamsoniella coronata THomas 
(Pl. 26, fig. 22) 
1915 Pollen grains — Tuomas, Phil. Trans. Roy. Soc. Lond. B 207 (337), Pl. 13, figs. 11 and 13. 
1944 Pollen grains — Harris, Phil. Trans. Roy. Soc. Lond. B 231 (583), Text fig. 3A, Band F. 
Age. Gristhorpe Plant Bed, Yorkshire (Middle Jurassic). 
Description. The following description is based on re-examination of slides V 23947 and 
V 25 837 deposited by Harris in the British Museum (Natural History) and on specimens prepared by the 
writer from new material kindly supplied by Dr. H. Hamsuaw Tuomas. 
Pollen grains monosulcate, sulcus extending almost whole length of grain; exine smooth to finely 
scabrate, about 1 wu thick. 


Size Range. 
Length; 25 (28) 32 u Depth; 20 to 25 uw (only 5 suitably orientated specimens) 
Breadth; 22 (24) 29 x Ratio Length to Breadth; 1.1 (1.1) 1.4 u 
Comparable Dispersed Grains. Monosulcites minimus Cookson. 
Affinity. Williamsoniella is classed in the Bennettitales. Harris (1944) considered the genus to be 
near taxonomically to Cycadeoidea. 
Williamsoniella lignieri NATHORST 
1909 Pollen grains — Williamsonia (?) lignieri Naruorst, K. Svensk. Vet. Akad. Handl. 45 (4), Pl. 4, 
figs. 11 and 12. 
1915 Pollen grains — Williamsoniella lignieri (name only) Tuomas, Phil. Trans. Roy. Soc. Lond. B 207 
(337), p. 134—135. 
Age. Whitby Plant Bed, Yorkshire (Middle Jurassic). 
Description. Pollen grains monosulcate, sulcus extending almost whole length of grain; exine 
smooth (thickness not given). 


Size Range. 

Length; 25 to 30 u (according to NATHORST) Ratio Length to Breadth; around 1.3 u 
Breadth; around 19 to 23 u (measured from illustrations) 

Comparable Dispersed Grains. Monosulcites minimus Cookson. 

Affinity. See under W. coronata. 


Wonnacottia crispa Harris 


1942 Pollen grains — Harris, Ann. Bot. n.s. 6 (24), Text fig. 3 E and F, p. 578. 

Age. Middle Jurassic (Gristhorpe Beds, Yorkshire). 

Description. Pollen grains monosulcate, sulcus long, extending nearly whole length of grain, 
ends of sulcus rounded; grains oval; exine smooth and 1 to 1.5 « thick; size given by Harris as about 30 u 
by 20 « but from magnification of illustration are about 40 u long. 
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Comparable Dispersed Grains. Monosulcites minimus CooksoN. 
Affinity. The microsporophyll is referred to the leaf Anomozamites nilssoni (Bennettitales). 


Weltrichia mirabilis Fr. Braun 
1911 Pollen grains — Schuster, K. Svensk. Vet. Akad. Handl. 46 (11), Pl.5, figs. 1, 2. 


Age. Rhaetic. 

Description. The following description is based on the photomicrographs given by SCHUSTER. 

Pollen grains probably monosulcate, grains oval and exine smooth and probably thin as the grains 
fold readily. Schuster gave the size as 77 u long and 42 u broad. Measurements of the illustrations give 
a size range of 80 to 85 u long and 40 to 50 u broad. 

SCHUSTER may have misinterpreted folds in the exine as a trilete marking because he refers to the 
grains as tetrahedral. His illustrations are too poor to definitely decide whether the grains are monosul- 
cate or trilete. It should be noted, however, that Sewarp (1910, p.477) considered W. mirabilis to be 
closely allied to Cycadocephalus from which trilete spores have been described (see below). 


Doubtful Bennettitales 
Cycadocephalus sewardi NATHORST 


1909 Pollen grains — Naruorst, K. Svensk. Vet. Akad. Handl. 45 (4), Plies. ng, 5. 

Age. Lower Rhaetic of Scania. 

Description. Trilete, laesurae long, reaching to equator; equatorial contour triangular-rounded, 
exine smooth and about 2 u thick. 

Size Range (measured from illustration). 55 to 75 w in equatorial diameter. 

Affinity (see after C. minor). 


Cycadocephalus minor NATHORST 
1912 Pollen grains — Naruorst, K. Svensk. Vet. Akad. Handl. 48 (2), Pl.2, figs. 12, 13. 

Age. Rhaetic. 

Description. As for C.sewardi. Size given by NATHORST is 54 to 59 u. 

Affinity. Sewarp (1910, p.475) included Cycadocephalus in the Bennettitales, but suggested that 
it be referred to a separate family, because of the possession of characters which mark it off from William- 
sonia, Weltrichia, Wielandiella and Cycadioidea. 

Harris (1942, p. 590), also pointed out differences between the Cycadocephalus synangium and those 
of other Bennettitales. 

WopEHouseE (1935, p.232), commented that its fernlike spores lack the single longitudinal furrow 
(sulcus) which characterises the pollen grains of all other Bennettitales and suggested that the plant may 
be wrongly associated with this group. 


Affinity of Mesozoic Monosulcate Grains 


As already noted, both fossil and Recent pollen grains of Cycadales and Ginkgoales are essen- 
tially similar, although if those of Recent species only are considered, the grains of Ginkgo appear to be 
separable from the Cycadaceae. Bennettitalean grains and those of some species of Mesozoic pterido- 
sperms are also very similar. There is considerable overlap in size and shape and the identification of 
most specimens of dispersed grains with the Cycadales, Ginkgoales, Bennettitales or Mesozoic Pterido- 
spermae would appear virtually impossible. 

In our present state of knowledge, however, grains over about 50 « in length are known only from 
some species of Bennettitales. It would thus seem reasonable to consider dispersed grains of this size as 
indicating a bennettitalean origin. 
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Coniferales 
Family Araucariaceae 
Brachyphyllum mamillare Bronen. 
(Pl. 27, figs.1, 2) 

1949 Pollen grains — Kenpatt, Ann. Bot. n.s. 13 (50), Text fig. 3 A, p. 159. 

Age. Middle Jurassic of Yorkshire. 

Description. The following description is based on slide V 27 554 a, deposited by KENDALL in the 
British Museum (Natural History). 

Pollen grains originally more or less spherical, normally folded in the fossil state; exine very thin, 
about 0.75 u, scabrate to sub-granular; no trace of any germinal aperture. 

Size Range. 70 to 80 « in equatorial diameter (only six specimens available for accurate mea- 
surement). 

Comparable Dispersed Grains. Araucariacites australis Cooxson (Pl. 27, figs. 3—5). 

Affinity. The pollen grains were isolated by KENDALL from an araucarian shoot bearing male 
cones. It was associated with, and agrees in cuticular character with the female cone scale, Araucarites 
phillipsi CARRUTHERS. 


Pollen Grain Morphology of the Araucariaceae 


The pollen grains attributed to Brachyphyllum mamillare are closely comparable to those of living 
species of Araucaria and Agathis. 


Family Taxodiaceae 
Elatides williamsoni (BRONGN.) SEWARD 
(Pie figs 778) 
1943 Pollen grains — Harris, Ann. Bot. n.s. 7 (28), Text fig. 2, p. 328. 

Age. Middle Jurassic of Yorkshire. 

Description. The following description is based on pollen grains macerated from male cones of 
E. williamsoni, specimen V 28 481, British Museum (Natural History), by Professor T. M. Harris, who 
kindly allowed the writer to examine the preparation. 

Monoporate, pore not always clearly shown; grains more or less spherical but fold readily; exine 
consists of two distinct layers; the outer is scabrate and very thin (less than 0.5 «), loose fitting and tears 
and wrinkles readily; inner layer is about 0.75 « thick and smooth to finely scabrate. 

Size Range. 38 (50) 54 « including outer coat; 32 (38) 46 « excluding outer coat. 

Comparable Dispersed Grains. Perinopollenites elatoides n. sp. (Pl. 27, figs. 9—11). 


Affinity. From features of its vegetative and reproductive organs, E. williamsont is classed as a 
member of the Taxodiaceae. It shows features comparable to such Recent genera as Cunninghamia (in 
particular), Cryptomeria, Sequoia and Sciadopitys (T. M. Harris 1943, p. 334—338). 


Pollen Grain Morphology of Recent Taxodiaceae 


The writer has examined pollen grains of the Recent genera Cunninghamia, Sequoia and Crypto- 
meria. Those of Cunninghamia lanceolata are very close to those of E. williamsoni (see Pl. 27, fig. 6). 
Sequoia and Cryptomeria also have essentially similar grains. Pollen morphology thus supports the 
assignment of E. williamsoni to the Taxodiaceae. 
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Family Araucariaceae? 


Pagiophyllum connivens KENDALL 
(Pl. 28, fig. 1) 


1952 Pollen grains — Kenpati, Ann. Mag. Nat. Hist. Ser. 12, 5, Text fig. 2C, p. 583. 
1955 Pollen grains — Courer, Geol. Mag. vol. XCII, no. 6, Pl. XXI, figs. 11, 12. 


Age. Middle Jurassic (Yorkshire). 

Description. The following description is based entirely on Kenpatis type slide, V 29 561 c 
(British Museum of Natural History). Unfortunately, the pollen preparation is rather deeply stained and 
undermacerated and most of the pollen grains are still stuck together in the pollen sac and are not 
clearly displayed. For this reason, reference should be made to the detailed description of Classopollis 
torosus (REISSINGER) Courer, which is based on many hundreds of specimens of dispersed grains from the 
“Pagiophyllum connivens bed” of T. M. Harris (manuscript name only). They are closely comparable 
with those of P. connivens and almost certainly belong to this species. 

Pollen grains circular to oval in equatorial contour; exine scabrate and about 1 w thick at polar 
regions, thickened in equatorial region. 

Size Range. 28 to 37 u in equatorial diameter (10 specimens). 

Comparable Dispersed Grains. Classopollis torosus (REISSINGER) CouPER (Pl. 28, figs. 2—7). 

Affinity. Although Kenna. (1948, p.78, and 1952, p.586) regarded P. connivens as a probable 
member of the Araucariaceae on evidence of agreement in cuticular structure, Professor T. M. Harris 
(pers. comm.) does not consider the affinity of P. connivens with the Araucariaceae as by any means 
certain. The pollen grains do not suggest a particularly close relationship because they are quite distinct 
from those of any Recent member of the Araucariaceae. 


Coniferales — Incertae Sedis 


Cheirolepis muensteri SCHENK 
1933 Pollen grains — HoERHAMMER, Bibliotheca Botanica H 107, p. 134, Pl. 4, fig. 27 Aaa and Aab. 
1950 Pollen grains — Reıssinger, Palaeontographica B 90, p. 114, Pl. 14, figs. 10—14. 

Age. Lias of Teufelsgraben, near Altdorf. 

Description. Judging purely from illustrations, the grains are circular to oval in polar view; 
proximal (?) pole usually showing a triangular shaped tetrad marking. Exine scabrate and thickened 
in equatorial region. 

Size Range (from illustrations only). 20 to 30 u approximately. 


Through the courtesy of Professor T. M. Harris, the writer examined pollen grains associated with, 
and possibly belonging to Cheirolepis muensteri. The grains were macerated from Lias plant-bearing 
sediments found in cracks in Carboniferous limestone in Wales. (Professor Harris is to publish shortly 
a description of this flora.) 

The grains are very similar to those of Pagiophyllum connivens, having the same sculpture, equatorial 
thickening of the exine and proximal and distal tetrad markings. Unlike P. connivens, however, the 
sculptured outer coat appears to slough off in many specimens leaving an inner unsculptured coat. In 
this respect they are similar to those of Elatides williamsonii. 


Affinity. The male cones from which the pollen grains were described were assigned to C. muen- 
steri on the evidence of agreement in cuticular structure and association in the same beds (HOERHAMMER 
1933). HOERHAMMER did not assign C. muensteri to any Recent family of Coniferales. Also, it should be 
noted that C. muensteri is not considered to be closely related to Pagiophyllum connivens. (Professor 
T. M. Harris — pers. comm.) 
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Voltzia (?) heterophylla Bronen. 
(Pl. 28, fig. 10) 


1910 Pollen grains — Wits, Proc. Geol. Assoc. 21 (5), Pl. 21, fig. 6. 

Age. Lower Keuper of Bromsgrove, Worcestershire. 

Description. The following description is based on new preparations of pollen grains made from 
WILLs’ specimen deposited in the Sedgwick Museum (specimen K 1086 b). 

Pollen grains disaccate (one specimen seen with a rudimentary third bladder); body of grain cir- 
cular to broader than long in equatorial contour; exine of proximal cap 2.5 to 3.5 « thick and with 
granular sculpture; bladders large, of the haploxylon type, sculptured with clear reticulate thickenings, 
mesh of reticulum about 4 « across, attached distally as in the winged grains of all living conifers; exine 
of distal sulcus thin, 1 to 1.5 «, finely granular to scabrate. 


Size Range (20 specimens). 
Length of body; 28 (38) 45 u Breadth of bladders; 30 (38) 45 u 
Breadth of body; 28 (43) 50 u Overall breadth; 65 (75) 92 u 
Length of bladders; 35 (45) 51 u Ratio Length to Breadth of body; 0.77 (0.89) 1.1 
Affinity. Professor R. Frorın has recently examined Wırıs’ specimen and informed the writer 
that it does not compare closely with any described specimens of Voltzia. Wırıs himself queried the 
generic identification. 
The winged pollen grains, however, are comparable with those of the Coniferae. 


Chapter V - Systematic of Dispersed Spores 


Family Sphagnaceae (provisional assignment) 


Genus Sphagnumsporites Raatz 


1937 Abh. Preuß. Geol. L.-A. Berlin. H. 183, p. 9. 
1953 (syn.) Stereisporites PrLuc, Palaeontographica B 94, p. 53. 
1953 (syn.) Sphagnites Cookson, Aust. J. Bot. 1 (3), p. 463. 

Type Species (subsequent designation). — Sphagnumsporites stereoides (R. Poronié and VENITZ). 
1934 Sporites stereoides R. Por. and Ven., Arb. Inst. Palaeob. Petr. Brennsteine 5, p. 11, Pl.1, fig. 4. 
1956 Sphagnumsporites stereoides (R. Por. and VEN.) R. Poronık n. comb. Beih. Geol. Jb. 23, p. 17. 

Sphagnumsporites psilatus (Ross) n. comb. 
(PIS ESA) 
1949 Trilites psilatus Ross, Bull. Geol. Inst. Upsala 34, p. 32, PL. 1, fig. 12. 

Description. Trilete, laesurae comparatively short, from */s to ®/ı of radius of spore; equatorial 
contour triangular with convex sides; exine smooth to undulating, 2.5 to 3 u thick. 

Size Range. 30 to 37 «in equatorial diameter (9 specimens). 

Distribution. Jurassic arid Lower Cretaceous (tables 3—10). 


“Group” Equisetales (provisional assignment) 
Genus Calamospora SCHOPF 


1944 Ill. State Geol. Surv. Rep. Invest. 91, p.51—52. 
Type Species (original designation). — Calamospora hartungiana SCHOPF. 


1944 Ill. State Geol. Surv. Rep. Invest. 91, p.51—52, Text fig. 1, p.51. 
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Calamospora mesozoica n. sp. 
(Pl. 15, figs. 3, 4) 

Description. Trilete, laesurae short, about '/2 radius of spore; equatorial contour circular in un- 
distorted specimens; exine smooth, very thin, about 0.5 yu. 

Size Range. 25 (38) 48 w in equatorial diameter. 

Holotype. Pl. 15, fig. 3; slide C 2/6, specimen K 954; 37.9, 110.1; Gristhorpe Beds, Yorkshire 
(Middle Jurassic). 

Distribution. Lower and Middle Jurassic (Tables 3—6). 

Affinity. Calamospora is a Palaeozoic genus, in which are placed spores of probable calamarian 
affinity (Scuorr, Wırson and BENTALL 1944, p.51—52). The Mesozoic spores are placed in the genus because 
they are comparable in every respect. 

It is noteworthy that equisetalean fossils (Neocalamites nathorsti ERDTMAN) with some morphological 
features comparable to the Palaeozoic calamarians are known from the Lower Deltaic Series of York- 
shire (T. M. Harris 1946, p. 649—654). Their spores are not known. 


Family Lycopodiaceae (provisional assignment) 
Genus Lycopodiumsporites THIERGART 


1938 Jb. Preuß. Geol. L.-A. (1937) B 58, p. 293. 
Type Species (subsequent designation). — Lycopodiumsporites agathoecus (R. POTONIE) THIER- 
GART. 
1934 Sporites agathoecus R. Por., Arb. Inst. Palaeob. Petr. Brennsteine 4, p. 43, Pl. 1, fig. 25. 
1938 Lycopodiumsporites agathoecus (R. Por.) THIERGART, Jb. Preuß. Geol. L.-A. (1937) B 58, p. 293, Pl. 22, 
figs. 9, 10. 
Lycopodiumsporites cerniidites (Ross) Der. and Sprum. 
(Pl. 15, figs. 6—9) 
1949 Lycopodium cerniidites Ross, Bull. Geol. Inst. Upsala 34, p. 30, Pl. 1, figs. 1, 2. 
1955 Lycopodiumsporites cerniidites (Ross) DEL. and Sprum., Mem. Soc. Belg. Geol. n.s. 4 (5), p. 32. 
Description. Trilete, laesurae reaching almost to equator, commissures surrounded by a distinct 
margo; equatorial contour rounded-triangular, proximal surface flattened, distal strongly convex; proxi- 
mal surface unsculptured, distal surface sculptured with irregularly anastomosing low ridges (rugulae) 
ranging from 1.5 to 2.5 u across and projecting in some specimens up to 1 u above general surface; exine 
2 to 3.5 uw thick, generally thickening slightly between apices. 
Size Range. 30 (43) 53 uw in equatorial diameter (18 specimens). 
Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 
The spores described above are a little larger, but otherwise similar to Lycopodiumsporites cernii- 
dites originally described by Ross (1949) from the Upper Cretaceous of South Sweden. 
Judging from the illustrations, some specimens at least of Reticulatisporites caelatus (R. Por.) THomMson 
and Priuc (1953, p. 55) appear very similar to L. cerniidites. 


Lycopodiumsporites clavatoides n.sp. 
(PI. 15, figs. 10—13) 
1953 Lycopodium sp. (fastigiatum — volubile group) Couper, N. Z. Geol. Surv. Pal. Bull. 22, p. 19, Pl. 1, 
fig. 2. 

Description. Trilete, laesurae distinct, about ?/s to */4 of radius of spore; equatorial contour 
rounded-triangular, proximal surface flattened, distal strongly convex; contact area of proximal face un- 
sculptured, distal surface reticulate, lumen of reticulum 8 to 15 « across, muri (ridges) 1 to 1.5 u thick 
and projecting up to 4 u (in some specimens) into a hyaline layer (? perine); elements of the distal sculp- 
ture extend up to the contact area of the proximal surface; exine 1.5 to 2.5 uw thick. 
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Size Range. 25 (35) 50 w in equatorial diameter. 
Holotype. Pl. 15, figs. 10, 11; slide C 106/2, specimen K 5129; 33.2, 107.0; Brora district (Lower Lias). 
Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 


Lycopodiumsporites gristhorpensis n. sp. 
(Pl. 15, figs. 14—16) 

Description. Trilete, laesurae reaching almost to the equator; equatorial contour rounded- 
triangular, proximal surface flattened, distal strongly convex; proximal surface unsculptured, distal sur- 
face sculptured with short, truncated papillae, from 1.5 to 3 u high, 2 wu in diameter at distal end and 
widening at base to 2.5 to 3 w, spaced 3 to 6 u apart; exine scabrate between papillae and 1.5 to 2 u 
thick. 

Size Range. 23 (30) 35 « in equatorial diameter. 

Holotype. Pl. 15, figs. 14, 15; slide C 1/6, specimen K 953; 36.1, 110.3; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Middle Jurassic (Tables 5—8). 

W. F. Harris (1955) gave detailed descriptions of the spores of a number of living species of Lyco- 
podium. He revised Knox’s (1950) key to Lycopodium spores and separated five groups on spore charac- 
ters. The groups correspond approximately to Knox’s grouping, but her “Group Clavatum” is subdivided 
into two. The “Group Clavatum” did not distinguish between rugulate (as in L. cernuum) and lophoreti- 
culate (as in L. clavatum) sculpture patterns. 

Lycopodiumsporites cerniidites falls into Group V of W. F. Harrıs in which the sculpture is descri- 
bed as “ridges low, anastomoses incomplete (mainly rugulate)”. This species is comparable in all respects 
with the spores of the living species, Lycopodium cernuum. 

Lycopodiumsporites clavatoides belongs to Group IV of Harris in which the sculpture pattern is 
described as “ridges high, anastomoses regular and complete (lophoreticulate)”. Very similar spores to 
L. clavatoides are found in a number of living species of Lycopodium, such as L. clavatum, L. fastigiatum 
and L. volubile. 

Lycopodiumsporites gristhorpensis clearly belongs to Group VI of Harris, in which the sculpture 
pattern is spinose. It has no exact living counterpart. 

From the above it can be seen that some at least of the main sculpture groups of lycopod spores 
were present in Jurassic times. The writer has previously recorded such spores as Lycopodium sp. 
(fastigiatum — volubile group), Lycopodium sp. (billardieri — varium group), etc. (see CoupEr 1953 a, 
p. 18, 19). It seems preferable, however, even if only for the sake of brevity, to assign them to a fossil 
spore species. With the exception of Lycopodiumsporites gristhorpensis (which is distinct from the spores 
of its nearest living counterpart, Lycopodium densum, and which appears to have a limited stratigraphic 
range) identical spores to the species noted above are found right throughout the Cretaceous, Tertiary 
and Quaternary of New Zealand (Couper 1953 a, 1954). Thus, the British specimens, like those of New 
Zealand, will probably be of little use in stratigraphic correlation. 


Family Marattiaceae (provisional assignment) 
Genus Marattisporites n. gen. 

Diagnosis. Monolete, laesurae long; shape of spore variable, elliptical to more or less spherical; 
exine about 1 « thick, finely granular to scabrate; greatest dimension usually less than 35 u. 

Type Species (here designated). — Marattisporites scabratus n. sp. 

Marattisporites scabratws n. sp. 
(Pl. 15, figs. 20—23) 

Description. Monolete, but in a few specimens the tetrad scar is vaguely trilete, laesura usually 

narrow and extending almost the length of the spore; ellipsoidal to occasionally circular in polar view, 
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plano-convex to biconvex in profile (side view); exine about 1 u thick, scabrate to sub-granular, granules 
sparsely spaced. 

Size Range. 20 (25) 35 wu in greatest dimension. 

Holotype. Pl. 15, fig. 20; slide C 44/1, specimen K 5004; 51.2, 94.3; Lower Deltaic, Yorkshire 
(Bajocian). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 


The above dispersed spores match perfectly the spores of living species of Marattia and also spores 
described from the Mesozoic ferns, Marattiopsis anglica, M. crenulata and M. hoerensis (see Chapter IV). 


Family Osmundaceae (provisional assignment) 
Genus Osmundacidites Couper 


1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 20. 
Type Species (original designation). — Osmundacidites wellmanii Couper. 


Osmundacidites wellmanii CoUPER 
£953. °N.Z:.. Geol, Surv, Pal. Bull. 22, 9.202BR]l. 1, fig..5:; 


Osmundacidites wellmanii CoUPER 
(Pl. 16, figs. 4, 5) 
1953 (see above). 

Description. Trilete, laesurae long (at least */1 radius); equatorial contour circular but fre- 
quently folded; exine around 1 x thick, with granular-papillate sculpture, projections up to 1.5 « above 
general surface. 

Size Range. 40 (45) 55 « in equatorial diameter. 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

The spores recorded here as ©. wellmanii afford a good example of the “broadness” of spore species 
compared with most plant macrofossil species. They are comparable with the spores of the Greenland 
Liassic species Osmundopsis plectrophora Harris and Todites hartzi Harris, and with the spores of Todites 
undans from the Yorkshire Jurassic. At the same time they are indistinguishable from, and are thus 
assigned to the spore species O. wellmanii described by the writer from the Jurassic and Lower Cretaceous 
of New Zealand. 


Genus Todisporites n. gen. 
Diagnosis. Trilete, laesurae comparatively long (ratio length of laesurae to radius of spore 0.7 or 
greater); spore more or less spherical; exine thin (less than 2 «) unsculptured to finely scabrate. 
This new genus is intended for the reception of fossil spores of the type met with in Todites william- 
sonti and T. princeps (see Chapter IV). 
Type Species (here designated). — Todisporites major n.sp. 
Todtsporitesmagjornsp: 
(Pl. 16, figs. 6—8) 
Description. Trilete, laesurae distinct, long (ratio length laesurae to radius of spore = 0.72 to 


0.88, mainly 0.83); equatorial contour circular but frequently folded; exine 1 to 1.5 « thick and un- 
sculptured. 


Size Range. 52 (60) 78 w in equatorial diameter (see below). 

Holotype. Pl. 16, fig. 6; slide C 20/3, specimen K 972; 32.1, 109.7; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Lower Lias to Middle Jurassic (Tables 3—8). 
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Text fig. 8 shows the results of a size frequency study of 500 smooth, osmundaceous spores in the 
Yorkshire Middle Deltaic samples. When the equatorial diameters of these spores were plotted as a size 
frequency curve, a distinct bimodal curve was obtained. 

This evidence, together with the evidence afforded by a few samples in which only large spores, over 
about 50 « were present, suggested that at least two species of parent plants were producing the spores. 
A lower size limit of 52 u for the larger forms (separated here as T. major) is indicated by the size fre- 
quency curve in Text fig. 8. Some, at least of the larger forms almost certainly belong to Todites wil- 
liamsonii (see Chapter IV), which is a common fossil in many of the beds from which T. major was obtai- 
ned. It should be noted that the size mode of the spores of T. williamsonii (61 «) corresponds almost 
exactly to the larger of the two size modes obtained for the dispersed spores. 
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Text fig. 8 Graph showing bimodal size frequency curve obtained from 

measurements of diameter of 500 smooth, osmundaceous spores from the 

Middle Deltaic of Yorkshire. Those above 52 are separated as Todisporites 
major n. sp. and those below as T. minor n. sp. 


TOOGUSPOTULE SoM 7140 TN. Sp: 
(Pl. 16, figs. 9, 10) 
Description. Smaller, but otherwise as for T. major. 
Size Range. 32 (45) 50 « in equatorial diameter. 
Holotype. Pl. 16, fig. 9; slide C 20/5, specimen K 974; 42.9, 101.4; Gristhorpe Beds, Yorkshire 
(Bajocian). 
Distribution. Middle Jurassic (Tables 4—7). 
T. minor is a little larger, but otherwise comparable to the spores of Todites princeps (see Chapter IV). 


Family Schizaeaceae (provisional assignment) 


Genus Appendicisporites WEyLAND and KRIEGER 


1953 Palaeontographica B 95, p. 12. 
Type Species (original designation). — Appendicisporites tricuspidatus WEYLAND and GREIFELD. 

1953 Palaeontographica B 95, p. 42, Pl. 11, fig. 54. 

The generic name was proposed by WEyLann and KRIEGER, who designated WEYLAnD and GREIFELDS 
species, tricuspidatus, described in the same publication, as the type species. 

Appendicisporites tricornitatus WerEYLAND and GREIFELD 
(Pl. 17, figs. 7—9) 

1953 Palaeontographica B 95, p. 43, Pl. 11, fig. 52. 

Description. Trilete, laesurae long, about */1 radius, commissures raised; equatorial contour 
rounded-triangular; distal surface sculptured with ribs 2 to 4 « wide and spaced 1 to 4 « apart; contact 
face unsculptured; apical spines 5 to 9 u long. 
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Size Range. 45 (50) 65 « in equatorial diameter. 

Distribution. Wealden and Aptian (Table 10). 

Although a little larger than WeyLanp and GREIFELD’s specimens from the Lower Senonian of Ger- 
many, the British specimens appear otherwise indistinguishable. Dretcourr and Sprumont (1955, p. 40) 
have also recorded this species from the Wealden of Hainaut. 


Genus Cicatricosisporites R. PorTonık and GELLETICH 


1933 Sitz. Ber. Ges. Naturf. Freunde, Berlin; p. 522. 

1950 (syn.) Mohriodites Turercart, Geol. Jb. 65, p. 84. 

1951 (syn.) Mohriosporites R. Poronié, Palaeontographica B 91, p. 135. 

1953 (syn.) Mohriosporites Cooxson, Aust. J. Bot. 1 (3), p.470. 
Type Species (subsequent designation). — Cicatricosisporites dorogensis R. Poronık and 
GELLETICH. 

1933 Sitz. Ber. Ges. Naturf. Freunde, Berlin, p. 522, Pl. 1, figs. 1—9. 


Cicatricosisporites dorogensis R. Potonié and GELLETICH 
(Pl. 17, figs. 10—12) 


1933 (see above). 
1951 Mohriosporites dorogensis R. Por., Palaeontographica B 91, PI. 20, fig. 14. 

Description. Trilete, laesurae long, reaching to distal sculpture, commissures raised; equatorial 
contour rounded-triangular, sides convex or occasionally straight to slightly concave; distal face sculp- 
tured with slightly raised ribs, occasionally branching, from 1.5 to 3.5 « (mainly 2—3 u) broad and spa- 
ced from 0.5 to 3 « (mainly 1.5 «) apart, forming a lophate sculpture pattern; contact area of proximal 
face unsculptured; exine thickness on proximal face about 1.5 u. 

Size Range. 25 (40) 68 « in equatorial diameter (500 specimens). 

Distribution. Purbeck, Wealden and Aptian (Tables 9—10). 

Comparison of the preparations of the spores of the Wealden species, Ruffordia goepperti (Dunk.) 
SEWARD, and the Eocene species Anemia colwellensis CHANDLER, has convinced the writer that if found as 
dispersed spores, the spores of the two species could not be separated (see Chapter IV). The spores of 
both species exhibit great variation in size, and in the thickness and spacing of the ribs, a feature which 
is matched exactly in the dispersed Purbeck and Wealden spores. Size and thickness and spacing of the 
ribs were used by Detcourt and SPRUMONT (1955, p. 17—22) as diagnostic features to distinguish three 
new species of Cicatricosisporites in the Wealden of Hainaut. They also identified some specimens as 
C. dorogensis. In view of the variation noted above, their species appear to be based on doubtful charac- 
ters. The British Purbeck and Wealden specimens are thus identified with the Eocene C. dorogensis. 


Cieatricosisporitesibrevilgesuratusnen 
(Pl. 18, figs. 1-3) 

Description. Trilete, laesurae indistinct, comparatively short, about '/2 to ?/s radius; equatorial 
contour more or less circular, rarely triangular; distal surface and part of proximal surface sculptured 
with broad (5 to 9 «), flat ribs, spaced from 0.5 to 2 u apart; contact area of proximal face unsculptured. 

Size Range. 70 (90) 120 x in equatorial diameter. 

Holotype. PI. 18, fig. 1; slide C 128/9, specimen K 5085; 45.8, 106.1; Kingsclere Borehole (Wealden). 

Distribution. Wealden and Aptian (Table 10). 


C. brevilaesuratus compares closely with the illustration of the spores of Schizaeopsis americana 
Berry, from the ? Neocomian Patuxent formation of Maryland (see Chapter IV). 
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CVCOLIVCOSISPOTIVes dunrobinensts n. sp. 
(Pl. 17, figs. 13—15) 

Description. Trilete, laesurae long, reaching to equator, consisting of raised commissures flanked 
by a poorly developed margo; equatorial contour triangular with convex sides; proximal surface smooth, 
distal surface sculptured with broad (4 to 7 u) ribs, closely spaced (around 1 « apart) and running more 
or less parallel to the sides of the spore when seen in polar view; ribs frequently bifurcating; in optical 
section ribs have rounded tops and project from 1.5 to 2.5 w above the general surface. 

Size Range. 52 to 63 « in equatorial diameter (7 specimens). 

Holotype. Pl. 17, figs. 13, 14; slide C 106/1, specimen K 5038; 37.1, 101.3; Brora district (Lower Lias). 

Distribution. Lower Lias and Bajocian (Tables 3—4). 


The specimens described above are, as far as is known to the writer, the oldest representatives of 
ribbed spores yet recorded. On spore morphology, they would appear to be schizaeaceous in origin. They 
are distinct from the schizaeaceous spores found in Purbeck and younger beds and thus cannot be attri- 
buted to contamination from younger samples during preparation. Also, a similar spore was noted in a 
slide prepared by Dr. G. Erprman from Liassic shale at Palsjo, South Sweden, and made available to the 
writer by Professor T. M. Harris. 


Genus Klukisporites n. gen. 


Diagnosis. Trilete, laesurae long, about */4 of radius of spore, commissures raised, bordered by 
a margo; equatorial contour rounded-triangular; distal surface with foveolate or foveo-reticulate sculp- 
ture; contact area of proximal surface has greatly reduced sculpture; exine thick. 


Type Species (here designated). — Klukisporites variegatus n. sp. 


The genus is intended for the reception of dispersed spores of the type met with in the Jurassic ferns, 
Klukia exilis and Stachypteris hallei (see Chapter IV). 


Klukısporitesvariegatusn.sp. 
(Pl. 19, figs. 6, 7) 

Description. Trilete, laesurae long, reaching almost to equator, commissures raised, flanked by 
a margo (not always distinct); equatorial contour rounded-triangular; distal face markedly convex, 
proximal rather flattened; distal surface with foveolate or foveo-reticulate sculpture consisting of 
irregularly shaped pits 2 to 5 « across, intervening walls raised and rounded, 2.5 to 7 « wide; proximal 
surface with greatly reduced sculpture of small, low, verrucae or granules; exine thickness difficult to 
determine because of the nature of the sculpture but is around 3 to 5 u. 

Size Range. 45 (60) 110 « in equatorial diameter. 

Holotype. Pl. 19, fig. 7; slide C 47/1, specimen K 5007; 36.1, 103.4; Lower Deltaic, Yorkshire 
(Bajocian). 

Distribution. Middle Jurassic (Tables 4—8). 

The dispersed spores described here as K. variegatus almost certainly belong to the Jurassic schi- 
zaeaceous plants Klukia exilis and Stachypteris hallei (see Chapter IV). The spores of both these species 
are rather variable. Most spores of K. exilis show a distal sculpture pattern of smaller pits and thicker 
intervening walls and a better developed proximal sculpture than is the case in most spores of S. hallei. 
Some spores of both species are, however, extremely similar. Thus, although it may be possible to assign 
certain spores to one or other of the species, all cannot be consistently separated. 

The range of variation in sculpture pattern and overall size is even greater in the dispersed spores, 
as would be expected in spores derived from many parent plants. There is no obvious difference between 
specimens from Lower, Middle and Upper Deltaic samples; all specimens exhibit the same range of varia- 
tion. They are too rare in any one maceration to attempt statistical methods of separation. Thus, although 


Palaeontographica. Bd. 103. Abt. B. 18 
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the spores are almost certainly derived from at least two genera of schizaeaceous plants they are descri- 
bed here as one rather variable species (compare also the case of Cicatricosisporites dorogensis noted 


above). 
Klukisporites pseudoreticulatus n. sp. 
(Pl. 19, figs. 8—10) 

Description. Trilete, laesurae long, reaching almost to equator, commissures raised; equatorial 
contour triangular, sides straight to slightly concave or convex; proximal surface flattened, distal mar- 
kedly convex; distal surface with clear foveo-reticulate sculpture, pits angular, from 3 to 6 „ across and 
spaced about 3 to 4 u apart, intervening walls flat; optical sections of exine show pits about 2.5 u deep, 
total thickness of exine 3 to 4 u; proximal surface smooth around laesurae, distal sculpture encroaches 
on to the proximal surface between arms of the triradiate scar. 

Size Range. 33 (45) 62 u in equatorial diameter. 

Holotype. Pl. 19, figs. 8, 9; slide C 134/3, specimen K 5054; 50.9, 103.8; near Battle, Sussex (Upper 
Purbeck Beds). 

Distribution. Purbeck and Wealden (Tables 9, 10). 


Family Gleicheniaceae (provisional assignment) 
Genus Gleicheniidites Ross ex DELCOURT and SPRUMONT 


Type Species (subsequent designation). — Gleicheniidites senonicus Ross. 
1949 Bull. Geol. Inst. Upsala 34, p. 31, Pl. 1, figs. 3, 4. 
1955 Dercourr and Sprumont, Mem. Soc. Belg. Geol. n.s. 4 (5), p. 26 (designation of type and generic 
diagnosis). 
Gleicheniidites senonicus Ross 
(Pl. 19, figs. 13—15) 
1949 (see above). 

Description. Trilete, laesurae long, reaching nearly to equator, commissures raised; equatorial 
contour triangular, apices generally sharp, sides usually concave, occasionally straight at limit of con- 
tact area but straight to slightly convex distally; exine smooth, 1 « or less at apices, but thickens between 
apices (up to 2.5 u in extreme cases). 

Size Range. 20 (30) 38 wu in equatorial diameter. 

Distribution. Middle and Upper Jurassic and Lower Cretaceous (Tables 6—10). 

The spores are smaller than those of living species of Gleichenia, but are comparable with the 
Senonian spores described by Ross from South Sweden. 


Family Cyatheaceae or Dicksoniaceae (provisional assignment) 


Genus Cyathidites Couper 


1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 27. 
Type Species (original designation). — Cyathidites australis Couper. 
1953 WING Z. Geol Surv, Pal: Bull 22,027, Plate 


Cyathidites australis Couper 
(Pl. 20, fig. 8) 
1953 (see above). 


Description. Trilete, laesurae long, reaching almost to equator, consisting of simple commis- | 
sures, no definite margo; equatorial contour triangular, sides concave, apices rather rounded; both proxi- 


mal and distal surfaces convex, the distal markedly so; exine smooth, from 1.5 to 2.5 u thick. 
Size Range. 58 (65) 90 « in equatorial diameter. 
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Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 
The above spores are similar in all respects to the New Zealand specimens. 


Cyathidites minor Couper 
(PI. 20, figs. 9, 10) 

2953 N.Z. Geol. Surv. Pal. Bull, 22, p. 28, Pl. 2, fous: 

Description. As for C. australis, but considerably smaller and the exine is slightly thinner. 

Size Range. 26 (38) 56 « in equatorial diameter. 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Many of the dispersed spores recorded here as C. minor almost certainly belong to the well known 
Mesozoic species Coniopteris hymenophylloides and to other fossil cyatheaceous or dicksoniaceous ferns 
such as Eboracia lobifolia and Dicksonia mariopteris. 
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Text fig. 9. Size frequency curves of Cyathidites australis and C. minor 
and comparison with associated Jurassic tree fern spores. 


— = C. australis and C. minor (500 specimens). 
— — -— - = spores of Dicksonia mariopteris, Eboracia lobifolia, Coniopteris 
hymenophylloides (100 specimens of each). 


It can be seen from Chapter IV that the spores of these species are all very similar. A size frequency 
study of the associated spores showed that a mixture of the spores of the various species could not be 
separated (Text fig. 9). 

Text fig. 9 also shows the result of a size frequency study of the dispersed spores recorded here as 
C. minor and C. australis. It can be seen that the resultant curve is clearly bimodal. The size range and 
mode of the smaller forms (C. minor) corresponds almost exactly to the size range and mode of the spores 
of the cyatheaceous and dicksoniaceous plants noted above. C. australis has no counterpart amongst the 
associated spores. 


Family Matoniaceae (provisional assignment) 


Genus Matonisporites n. gen. 


Diagnosis. Trilete, laesurae long, commissures raised and flanked by a margo; equatorial con- 
tour triangular; exine thick to very thick and unsculptured; spores generally large. 
Type Species (here designated). — Matonisporites phlebopteroides n. sp. 
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Matonisporites phlebopteroides n. sp. 
(Pl. 20, figs. 15—17) 

Description. Trilete, laesurae reaching almost to equator, commissures distinctly raised and 
flanked by a distinct margo; equatorial contour triangular with generally concave sides; exine unsculp- 
tured, around 2.5 to 3.5 « between apices, increasing to 5 to 12 u at apices. 

Size Range. 52 (65) 78 wu in equatorial diameter. 

Holotype. Pl. 20, fig. 15; slide C 34/2, specimen K 5003; 47.6, 107.0; Sycarham Beds, Yorkshire 
(Bajocian). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

The dispersed spores described above compare closely with the figures and illustrations of the spores 
of Phlebopteris hirsuta, P. muensteri and P. indica (see Chapter IV). 


Matonisporites equiexinus Nn. sp. 
(Pl. 20, figs. 13, 14) 

Description. Trilete, laesurae reaching to equator, commissures raised and flanked by a margo; 
equatorial contour triangular, sides usually slightly convex; exine unsculptured to finely scabrate, 2.5 
to 3.5 u thick, not greatly thickened at apices. 

Size Range. 40 (52) 68 « in equatorial diameter. 

Holotype. Pl. 20, fig. 13; slide C 5/5, specimen K 960; 34.5, 98.7; Upper Deltaic, Yorkshire (Middle 
Jurassic). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

M. equiexinus is similar to the spores of Phlebopteris angustiloba and Matonidium goepperti (see 
Chapter IV). 


Family Cheiropleuriaceae? (provisional assignment) 
Genus Dictyophyllidites n. gen. 


Diagnosis. Trilete, laesurae long, distinct, commissures clearly raised, bordered by a distinct 
margo; equatorial contour triangular, distal surface markedly convex, proximal less so; exine smooth 
and comparatively thin. 

Type Species (here designated). — Dictyophyllidites harrisii n. sp. 

The genus is intended for dispersed spores of the type met with in the Jurassic fern Dictyophyllum. 


Daetyophyllıdarescharristumsep: 
(PDP AES15%6) 

Description. Trilete, laesurae long, reaching to equator, commissures clearly raised, bordered 
by a distinct margo; equatorial contour triangular, sides usually concave but some 20°/o of the specimens 
have straight to convex sides; distal surface markedly convex, proximal surface is rather flattened but 
because of the clearly raised commissures it comes to a sharp point at the middle of the triradiate scar 
giving a very characteristic appearance in equatorial (side) view (see Pl. 21, fig. 5); exine smooth, usually 
1 to 1.5 « but occasionally up to 2 u thick. 

Size Range. 36 (45) 56 « in equatorial diameter. 


Holotype. Pl. 21, fig. 6; slide C 20/3, specimen K 973; 42.1, 101.3; Gristhorpe Beds, Yorkshire 
(Bajocian). ; 


Distribution. Jurassic (Tables 3—9). 
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Filicales — Incertae Sedis 


Genus Leptolepidites Couper 
1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 28. 


Type Species (original designation). — Leptolepidites verrucatus Couper. 
1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 28, Pl. 2, fig. 14. 


Leptolepidites major n. sp. 
(2A, Aly savers, 18) 

Description. Trilete, laesurae not always distinct but when developed are greater than ?/s of 
radius; equatorial contour rounded-triangular, both proximal and distal surfaces convex and sculptured 
with closely spaced, more or less spherical verrucae some 5 to 8 u in diameter; exine thickness not deter- 
minable because of the nature of the sculpture. 

Size Range. 38 (45) 53 « in equatorial diameter (15 specimens). 

Holotype. Pl. 21, fig. 7; slide C 28/5, specimen K 993; 53.7, 101.7; Sycarham Beds, Yorkshire 
(Bajocian). 

Distribution. Middle Jurassic (Tables 5—8). 

Affinity. The writer, recorded from New Zealand Jurassic sediments, similar but considerably 
smaller spores as Leptolepidites verrucatus (Courer 1953 a, p. 28) and compared them with the spores of 
the Recent species Leptolepia novae-zealandiae (Cor) Merren. No definite affinity, however, was sug- 
gested. The spore genus Leptolepidites, must therefore, be considered purely as a form genus in spite of 
the unfortunate choice of name. 


Genus Trilobosporites Pant ex R. PoToNIÉ 


1956 R. Potonié, Beih. Geol. Jb. 23, p. 55. 
Type Species (subsequent designation). — Trilobosporites hannonicus (DELCOURT and SPRUMONT) 
R. PoToNnIE. 
1955 Concavisporites hannonicus DEL. and Sprum., Mem. Soc. Belg. Geol. n.s. 4 (5), p. 24, Pl. 2, fig. 3. 
1956 Trilobosporites hannonicus (DEL. and Sprum.) R. Por., Beih. Geol. Jb. 23, p. 55. 


Trilobosporites bernissartensis (DEL. and Sprum.) R. Por. 
(Pl. 21, figs. 9, 10) 
1955 Lygodioisporites bernissartensis DEL. and Sprum., Mem. Soc. Belg. Geol. n.s. 4 (5), Text fig. 5, p. 34. 
1956 Trilobosporites bernissartensis (DEL. and Sprum.) R. Poronré, Beih. Geol. Jb. 23, p. 55. 

Description. Trilete, laesurae long, about */4 radius of spore, consisting of (? raised) commissures 
bordered by a weakly developed margo; equatorial contour triangular, sides slightly concave to straight; 
apices often truncate but rather variable, both proximal and distal surfaces sculptured with low, poorly 
developed verrucae, up to 5 « across, some specimens almost smooth, with an undulating appearance; 
exine characteristically thickening at apices to 7 to 10 «, around 3 to 4 « between apices. 

Size Range. 63 (75) 95 « in equatorial diameter. 

Distribution. Purbeck and Wealden (Tables 9—10). 

Affinity. Not known, but’the nature of the sculpture and the thickened apices suggest a dick- 
soniaceous origin. 

Trilobosporites bernissartensis was described from the Wealden of Hainaut by DELCoURT and Spru- 
MONT (1955). They described the sculpture as being confined to the distal surface but the British spe- 
cimens, which otherwise appear identical to the Belgium species, have a sculptured proximal face. In 
some specimens it is perhaps not so pronounced as the distal sculpture. DELCOURT and Sprumont’s figure 
of the holotype actually shows sculpturing on the proximal face and thus there seems no reason to sepa- 
rate the British specimens as a new species. 
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Trilobosporites apiverrucatus Nn. sp. 
(Pl. 21, figs. 11—13) 

Description. Trilete, laesurae comparatively short, from 2/3 to 3/4 of radius of spore, most speci- 
mens showing a margo; equatorial contour triangular, with concave sides, distal surface convex, proxi- 
mal rather flattened; polar regions of proximal and distal surfaces usually sculptured with low granules 
or verrucae (up to 2.5 u) some specimens have only a scabrate sculpture in the polar regions; in region 
of the apices, sculpture is clearly verrucate, verrucae from 3 to 6 « across; larger verrucae sometimes 
developed as a single row bordered and occasionally encroaching on the margo; exine around 2 « but up 
to 3 « at apices in some specimens. 

Size Range. 60 (75) 100 « in equatorial diameter. 

Holotype. Pl. 21, fig. 11; slide C 128/9, specimen K 5086; 37.5, 109.8; Kingsclere Borehole (Wealden). 

Distribution. Wealden (Table 10). 

Affinity. Not known, but possibly dicksoniaceous. 


Genus Concavisporites PFLUG 


1953 Palaeontographica B 94, p. 49. 
Type Species (original designation). — Concavisporites rugulatus PFLuc. 
1953 Palaeontographica B 94, p. 49, Pl. 1, figs. 22, 23. 


Concavisporites punctatus DELCOURT and SPRUMONT 
(Pl. 22, figs. 1—3) 
1955 Mem. Soc. Belg. Geol. n.s. 4 (5), p. 25, Pl. 1, fig. 8, Pl. 2, fig. 2. 

Description. Trilete, laesurae around #/4 radius of spore, distinct margo which narrows sharply 
at the ends of the commissures; equatorial contour triangular, sides concave; exine not distinctly sculp- 
tured but has a rather undulose appearance; 2.5 to 3.5 u thick. 

Size Range. 55 (60) 100 u. 

Distribution. Wealden and Aptian (Table 10). 

Affinity. DrLcourr and Sprumont suggested a gleicheniaceous origin for the above spores but the 
spores of the Gleicheniaceae are quite distinct from C. punctatus. A cyatheaceous or dicksoniaceous 
origin is more likely on spore morphology. 


CONCEUISTOTIT ECS vartrvertueatusn.sp. 
(Pl. 22, figs. 4, 5) 

Description. Trilete, laesurae about °/ı radius of spore, a weakly developed margo present in 
some specimens; equatorial contour triangular, sides concave, distal surface convex, proximal rather 
flattened; both proximal and distal surfaces sculptured with rounded verrucae, varying from 1.5 to 4 u 
across in different specimens and projecting up to 2 u above general surface; exine 2.5 to 4 u thick, not 
thickening at apices. 

Size Range. 48 (55) 68 « in equatorial diameter. 

Holotype. Pl. 22, fig. 4; slide C 124/2, specimen K 5068; 36.0, 114.0; Worbarrow Bay, Dorset 
(Wealden). 

Distribution. Bajocian (Gristhorpe Beds) to Wealden (Tables 6—10). 

Affinity. Not known, but possibly dicksoniaceous. 

Some specimens of C. variverrucatus are similar to Concavissimisporites verrucosus described by 
Detcourt and SPRUMONT (1955, p. 25) from the Wealden of Hainaut. C. verrucosus is, however, con- 
siderably larger (74 to 100 w). 

Concavisporites variverrucatus is considered as one rather variable species because specimens in the 
one preparation exhibit great variation in the size and spacing of the verrucae. The rather similarly 
sculptured spores of the living tree fern Dicksonia squarrosa Swartz show a comparable variation in 
sculpture. 
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Concavisporites subgranulosus n. sp. 
(Pl. 22, fig. 6) 

Description. Trilete, laesurae long, reaching to equator; equatorial contour triangular, sides 
concave, distal surface convex, proximal rather flattened; both proximal and distal surfaces sculptured 
with sparsely spaced granules, around 0.5 u or less in size; exine 1.5 to 2 x thick. 

Size Range. 38 to 43 . in equatorial diameter (12 specimens). 

Holotype. Pl. 22, fig. 6; slide C 4/2, specimen K 959; 48.1, 106.3; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Lower Lias and Middle Jurassic (Tables 3—8). 

Affinity. Not known. 


Genus Foveotriletes Van Der HAMMEN ex R. Poronrté 
1956 R. PorTonté, Beih. Geol. Jb. 23, p. 43. 
Type Species (subsequent designation). — Foveotriletes scrobiculatus (Ross) R. POTONIÉ 
1949 Trilites scrobiculatus Ross, Bull. Geol. Inst. Upsala 34, p. 32, Pl. 1, figs. 5—7. 
1956 Foveotriletes scrobiculatus (Ross) R. Potonié, Beih. Geol. Jb. 23, p. 43. 


Foveotriletes microreticulatus n. sp. 
(Pl. 22, figs. 7, 8) 

Description. Trilete, laesurae long, reaching to equator, commissures raised; equatorial contour 
triangular, sides concave, proximal surface flattened, distal convex; proximal surface more or less smooth, 
distal surface sculptured with small pits from 0.5 to 1.0 « across, closely spaced and forming a micro- 
reticulum in surface view; exine from 3 to 4 u thick. 

Size Range. 70 to 95 «in equatorial diameter (8 specimens). 

Holotype. Pl. 22, fig. 7; slide C 57/1, specimen K 5017; 44.6, 96.7; Upper Deltaic, Yorkshire (Middle 
Jurassic). 

Distribution. Middle Jurassic (Tables 7 and 8). 

Affinity. Not known. 

FPoveotriletes irregulatus n. sp. 
(Pl. 22, figs. 9, 10) 

Description. Trilete, laesurae reaching to equator, commissures flanked by a poorly developed 
margo; equatorial contour triangular with straight to slightly convex sides; proximal surface smooth, 
distal surface sculptured with deep, irregularly shaped pits, around 0.75 « across and spaced 1 to 2 u 
apart; in surface view pits form a micro-reticulum; in optical section, the edge of the distal surface is very 
irregular; exine 2 to 2.5 u thick, thickening in some specimens to 4 u between apices. 

Size Range. 40 (52) 58 uw in equatorial diameter (20 specimens). 

Holotype. PI. 8, fig. 9, slide C 109/2, specimen K 5047; 32.3, 113.4; Loth Station Bay (Kimeridgian). 

Distribution. Oxfordian to Kimeridgian (Table 9). 

Affinity. Not known. 


Genus Pilosisporites DELCoURT and SPRUMONT 


1955 Mem. Soc. Belg. Geol. n.s. 4 (5), p. 34. 
Type Species (original designation). — Pilosisporites trichopapillosus (THIERGART) DEL. and 
SPRUM. 

1949 Sporites trichopapillosus THIERGART, Palaeontographica B 89, p. 22, Pl. IV/V, fig. 18. 

1955 Pilosisporites trichopapillosus (THIERGART) DEL. and Sprum., Mem. Soc. Belg. Geol. n.s. 4 (5), p. 34, 
F9, fig. 3. 
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Pilosisporites trichopapillosus (Turercart) DEL. and SPRUM. 
(Pl. 23, figs. 1—3) 

1955 (see above). 

Description. Trilete, laesurae comparatively short, from '/, to */, radius of spore, bordered by 
a poorly developed margo in some specimens; equatorial contour variable, usually triangular with con- 
cave sides, but sometimes rounded triangular; proximal surface flattened, distal strongly convex; sculp- 
ture echinate, spines arise from a thin outer coat (? perine), spines curved with sharp points, varying 
from 2 to 10 « long; distribution of spines varies greatly from specimen to specimen; in some (PI. 23, fig. 2), 
spines are more or less confined to corners of the spore and to a row bordering the laesurae; in others, 
spines developed all over the spore, but with a tendency to be better developed at corners (Pl. 9, fig. 1); 
exine 2 to 4 u thick. 

Size Range. 50 (65) 85 « in equatorial diameter. 

Distribution. Purbeck and Wealden (Tables 9 and 10). 

Affinity. Not known. 

It should be noted that the length and distribution of the spines and the size and shape of spore all 
appear to vary independently of one another. Also, all variants can be seen in any one preparation. 

Detcourt and SPRUMONT (1955) based two new species of Pilosisporites on the length and distribution 
of the spines and the shape of the spore. From the writers experience of the amount of variation of 
sculpture shown in Recent spores such as those of Cyathea medullaris (Forst. f.) Swartz with sculpture 
elements of similar origin to the spines of Pilosisporites (i.e. arising from a thin, outer, possibly perinous 
layer) it is unlikely that DeLcourt and Sprumont’s new species are based on sound diagnostic features. The 
British specimens are thus identified with THIERGART’S species from the Wealden of the Hannover district 
in Germany. 


Pilosisporites brevipaptillosusmusp. 
(Pl. 22, figs. 11, 12) 

Description. Trilete, laesurae long, almost reaching equator; equatorial contour triangular, sides 
concave, proximal surface flattened, distal convex; proximal and distal surfaces equally sculptured with 
closely spaced, thick papillae about 1 to 1.5 u long; exine 2 to 2.5 w thick. 

Size Range. 30 (40) 50 w in equatorial diameter (11 specimens). 

Holotype. PI. 22, figs. 11, 12; slide C 87/1, specimens K 5027; 41.1, 105.1; Cambridge Observatory 
Borehole (Middle Jurassic). 

Distribution. Middle Jurassic (Tables 6—8). 

Affinity. Not known. 


Genus Lygodioisporites R. Por. 


1951 Palaeontographica B 91, p. 133. 
Type Species (subsequent designation). — Lygodioisporites solidus R. Poronı£. 
1934 Sporites solidus R. Por., Arb. Inst. Palaeob. Petr. Brennsteine 4, p. 42, Pl. 1, 11935: 


Lygodioisporites perverrucatus n.sp. 
(Pl. 23, figs. 4, 5) 

Description. Trilete, laesurae around */, of radius of spore, commissures slightly raised, flanked 
by a more or less smooth margo, extending about 2 u on either side at centre of spore, narrowing towards 
equator; equatorial contour circular, proximal surface slightly flattened; proximal and distal surfaces 
equally sculptured with large, spherical verrucae, up to 12 u across but rather variable; exine thick but 
exact thickness not determinable because of the nature of the sculpture. 

Size Range. 65 (75) 100 « in equatorial diameter. 

Holotype. Pl. 23, fig. 4; slide C 87/3, specimen K 5029; 32.5, 106.0; Cambridge Observatory Bore- 
hole (Middle Jurassic). 
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Distribution. Middle Jurassic (Cambridge Observatory Borehole); see Table 8. 
Affinity. Although the generic name suggests a schizaeaceous origin, the affinity of the above 
new species and even more so that of the type species of the genus, is very much open to question. 


Spores — Incertae Sedis 


Genus Densoisporites WEyLAnD and KRIEGER 
1953 Palaeontographica B 95, p. 12. 


Type Species (original designation). — Densoisporites velatus WryLanp and KRIEGER. 
1953 Palaeontographica B 95, p. 12, Pl. 4, figs. 12—14. 


Densoisporites perinatus n. sp. 
(Pl. 23, figs. 6—9) 

Description. Trilete, laesurae very variable in length and development; when well developed, 
consist of raised commissures reaching to, and sometimes beyond the margin of the inner spore on to the 
perine; equatorial contour (including perine) circular to rounded triangular, a thin perine almost sur- 
rounds spore, closely attached on proximal face right up the contact area, more loosely fitting around 
equator and distal surface; perine sculpture scabrate and characteristically thrown into a zone of small 
close folds in the equatorial region; inner spore coat smooth and around 0.5 to 1.0 u thick. 

Size Range. 43 (53) 68 « in equatorial diameter (with perine); 35 (40) 55 w (excluding perine). 

Holotype. Pl. 23, figs. 6, 7; slide C 27/9, specimen K 989; 41.5, 95.1; Sycarham Beds, Yorkshire 
(Bajocian). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. Not definitely known, although R. Poronré (1956, p. 59) compared the type species, 
D. velatus, with the microspores of Selaginellites hallei LunpBLap (see Chapter IV) and the Recent species 
Selaginella scandens. The writer does not find the comparison convincing. 


Genus Cingulatisporites THOMSON 


1953 Palaeontographica B 94, p. 58. 
Type Species (original designation). — Cingulatisporites levispeciosus PFLuc. 
1953 Palaeontographica B 94, p. 58, Pl. 1, fig. 16. 

THomson, in THomson and Priuc (1953), proposed the generic name and designated the type species, 
which was, however, attributed to Priuc. 

Cunga totisporites comp lexus nusp. 
(Pl. 24, figs. 1, 2) 

Description. Trilete, laesurae reaching to inner margin of cingulum, not always distinct; equa- 
torial contour rounded triangular; proximal surface scabrate, distal surface sculptured with spines up 
to 4 « high, about 0.5 « thick at their tips, increasing slowly in diameter for about half their length, 
expanding rapidly at base, in surface view expanded bases polygonal in outline (see Pl. 24, fig. 2), tips 
of spines 5 to 6 « apart; exine of distal face clearly two-layered, outer layer up to 1.5 « thick and gives 
rise to the spines, inner layer is scabrate and about 1 « thick; cingulum thin and hyaline, up to 12 u 
wide and sculptured with short, thick spines, 2 to 2.5 « thick and up to 3 u high, spaced 8 to 10 u apart. 

Size Range (5 specimens). 90 to 105 uw in equatorial diameter (including cingulum); 70 to 88 u 
excluding cingulum. 

Holotype. Pl. 24, fig. 1; slide C 124/2, specimen K 5069; 48.2, 105.5; Worbarrow Bay, Dorset 
(Wealden). 

Distribution. Purbeck and Wealden (Tables 9—10). 

Affinity. Not known. A most distinctive spore but extremely rare. 


Palaeontographica. Bd. 103. Abt. B. 19 
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Cingulatisporites dubius n. sp. 
(Pl. 24, figs. 3—5) 

Description. Trilete, laesurae long, often indistinct, extending on to the cingulum, equatorial 
contour circular to rounded triangular; cingulum 8 to 15 « wide, thrown into broad, low folds, giving an 
undulating outline in polar view; junction between cingulum and polar areas not clearly delimited in 
some specimens; both cingulum and polar areas have a granular to sub-granular sculpture; exine about 
2 to 2.5 u thick at poles. 

Size Range. 60 (78) 102 « in equatorial diameter (overall). 

Holotype. Pl. 24, figs. 3, 4; slide C 73/1, specimen K 5020; 42.3, 94.6; Upper Deltaic, Yorkshire 
(Middle Jurassic). 

Distribution. Bajocian to Kimeridgian (Tables 6—9). 

Affinity. Not known. This species is somewhat similar to C. valdensis n.sp. described below 
(see comments following C. valdensis). 

Cingulatisporites valdensis n. sp. 
(Pl. 24, figs. 6, 7) 

Descri pt ion. Trilete, laesurae long, extending on to cingulum, commissures clearly raised on a 
narrow ridge about 2 u high, flanked by a distinct margo (cf. the laesurae in C. dubius which are simple 
and often indistinct); equatorial contour rounded triangular, rather variable; cingulum 6 to 8 u wide, 


characteristically thrown into broad folds as in C. dubius; exine of cingulum and polar areas scabrate; : 


exine about 2 u thick at polar areas. 
Size Range (12 specimens). 40 to 52 «u in overall equatorial diameter. 
Holotype. Pl. 24, fig. 6; slide C 131/6, specimen K 5102; 52.9, 101.2; Brabourne Borehole (Wealden). 
Distribution. Wealden and Aptian (Table 10). 
Affinity. Not known. The Wealden specimens are separated from the rather similar Jurassic 
specimens because of their better developed laesurae and their smaller size. 


Cinmgulatisporitessfoneolatusenuasp. 
(Pl. 24, figs. 8—10) 

Description. Trilete, laesurae reaching to inner margin of cingulum, commissures raised and 
flanked by a well developed margo in most specimens; equatorial contour (including cingulum) tri- 
angular with straight to slightly convex sides, but excluding cingulum, contour is triangular with mar- 
kedly concave sides; cingulum 5 to 7 u wide between apices down to 3 uw at apices when seen in polar 
view; proximal surface up to margin of margo undulating to sub-verrucate, occasionally almost smooth; 
distal surface scluptured with small, irregularly shaped pits, from 0.5 to 2.5 u across, showing a foveo- 
late or foveo-reticulate sculpture pattern in surface view. 

Size Range. 45 (53) 60 « in equatorial diameter (overall). 

Holotype. Pl. 24, figs. 8, 9; slide C 138/6, specimen K 5107; 49.2, 104.4; Lower Greensand, Isle of 
Wight (Aptian). 

Distribution. Aptian (Table 10). 

Affinity. The spores show some resemblance to those of Pteris. 


Cingulatisporites problematicws nesp: 
(Pl. 24, figs. 11—13) 

Description. Trilete, laesurae reaching to inner margin of cingulum, commissures raised; equa- 
torial contour (including cingulum) triangular with convex sides; cingulum 4 to 6 « wide, narrowing 
slightly at apices; proximal surface smooth; distal surface sculptured with broad ridges, 3 to 6 u wide, 
occasionally anastomosing, forming a clear lophate sculpture pattern; in a few specimens, the ridges are 
less continuous and are better classed as verrucae. 

Size Range. 40 (45) 57 « in equatorial diameter. 
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Holotype. Pl. 24, fig. 11; slide C 27/7, specimen K 981; 48.2, 101.4; Sycarham Beds, Yorkshire 
(Bajocian). 

Distribution. Middle and Upper Jurassic and Lower Cretaceous (Tables 5—10). 

Affinity. Not known. 

Cingulatisporites rigidus n. sp. 
(Pl. 25, figs. 1, 2) 

Description. Trilete, laesurae reaching to inner margin of cingulum; equatorial contour rounded- 
triangular; cingulum 8 to 12 « wide, smooth with a rigid appearance; polar areas with a scabrate sculp- 
ture pattern; exine thickness not determinable. 

Size Range. 35 (43) 52 x in equatorial diameter (overall). 

Holotype. PI. 25, fig. 1; slide C 106/3, specimen K 5042; 44.5, 101.5; Brora district (Lower Lias). 

Distribution. Lower Lias to Bajocian (Lower Deltaic) — see Tables 3—4. 

Affinity. Not known. 


Cingulatisporites scabratwus Nn. sp: 
(Pl. 25, figs. 3, 4) 

Description. Trilete, laesurae reaching inner margin of cingulum, rather indistinct; equatorial 
contour rounded-triangular; clearly developed but delicate cingulum, 3 to 5 « wide, with granular to 
. scabrate sculpture; exine of polar areas scabrate to occasionally granular, about 2 « thick. 

Size Range. 30 (35) 38 « in equatorial diameter (overall). 

Holotype. Pl. 25, fig. 3; slide C 106/2, specimen K 5130; 28.2, 103.5; Brora district (Lower Lias). 

Distribution. Lower Lias (Table 3). 

Affinity. Not known. 

Cingulatisporites pseudoalveolatus n. sp. 
(Pl. 25, figs. 5, 6) 

Description. Trilete, laesurae reaching to inner margin of cingulum, commissures raised, flanked 
by a poorly developed margo; equatorial contour rounded-triangular; proximal and distal surfaces sculp- 
tured with short, thick truncated papillae, occasionally bifurcating at the tips and often with confluent 
bases; in surface view, sculpture appears as small pits, 0.5 to 1.0 «in diameter, and spaced 2 to 3 u apart, 
sculpture reduced around the laesurae; exine 2 to 3 « thick at apices, thickening in some specimens up to 
6 « between apices; well preserved specimens have a cingulum, 3 to 5 u wide, hyaline and very delicate 
in appearance and rather irregular in outline; some specimens show only traces of the cingulum. 

Size Range. 48 (52) 63 « in equatorial diameter (excluding cingulum); 55 to 66 « (including 
cingulum). 

Holotype. Pl. 25, fig. 5; slide C 50/5, specimen K 5012; 51.2, 100.1; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Bajocian (upper part of Middle Deltaic) to Aptian (Tables 6—10). 

Affinity. Not known. 


. Genus Perotrilites Couper 
1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 31. 
Type Species (original designation). — Perotrilites granulatus Couper. 
1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 31, Pl. 3, fig. 28. 


Perotrilıtes rugulatus n sp: 
(Pl. 25, figs. 7, 8) 
Description. Trilete, laesurae reaching almost to equator, commissures flanked by a weakly 
developed margo; equatorial contour rounded-triangular to almost circular; proximal and distal surfaces 
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sculptured with low, occasionally anastomosing, rugulae 2 to 3 « wide, forming a distinct rugulate to 
rugulo-reticulate sculpture pattern; exine consists of two distinct layers, an outer, thin layer (considered 
here as a perine) carrying the rugulate sculpture, and an inner, unsculptured layer, about 2.5 to 3 « thick. 

Size Range. 63 to 77 «in equatorial diameter (5 specimens). 

Holotype. Pl. 25, fig. 7; slide C 52/1, specimen K 5013; 46.8, 95.3; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Bajocian (Middle Deltaic) — see Table 6. 

Affinity. Not known. 


. | 
Genus Peromonolites CoupErR | 


1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 32. | 
Type Species (original designation). — Peromonolites bowenii Couper. 
1953 N.Z. Geol, Surv: Pal. Bull. 22, p. 32, P1.3, fig.31. | 


Peromonolites asplenioides n. sp. 
(PI25 GES 4910) 

Description. Monolete, laesura indistinct (vaguely trilete in one specimen, laesurae around 15 u 
long, poorly developed); spore oval to spherical; perispore distinct, loose fitting, folding readily, smooth 
to scabrate; exine of spore 2.5 to 3 w thick; perisporal membrane 0.5 to 1 w thick. 

Size Range (21 specimens). 45 (58) 68 u in greatest dimension (excluding perispore); 70 (82) 95 u 
overall. 

Holotype. Pl. 25, fig. 9; slide C 125/3, specimen K 5082; 30.0, 110.3; Swanage Bay, Dorset 
(Wealden). 

Distribution. Wealden (Table 10). 

Affinity. Not definitely known. The spores of most living species of Blechnaceae and Asplenia- 
ceae have similarly folded, loose fitting perispores, but are all clearly monolete. 


Genus Trilites Cooxson ex COUPER 


1953, N..Z..GeoljSurv. Pal. Bull. 22,9..29: 
Type Species (subsequent designation). — Trilites tuberculiformis Cooxson. 
1947 B.A.N.Z. Antarct. Res. Exped. (1929—1931) Rep. A 2 (Geol.), pt. 8, p. 136, Pl. 16, figs. 61, 62. 


Teritites Dos sus Nesp. 
(PIS TERE al, DY 

Description. Trilete, laesurae short, about 1% radius of spore, indistinct; equatorial contour tri- 
angular to circular; proximal and distal surfaces equally sculptured with more or less spherical verrucae, 
about 2 u in diameter; exine thickness not determinable. 

Size Range. 28 to 38 « in equatorial diameter (7 specimens). 

Holotype. Pl. 25, fig. 11; slide C 47/1, specimen K 5008; 50.0, 101.3; Lower Deltaic, Yorkshire | 
(Bajocian). 

Distribution. Middle Jurassic (Tables 4—7). 

Affinity. Not known. | 

Trilites bossus is somewhat similar to Leptolepidites major n. sp. but is considerably smaller and | 
the verrucae are rarely in contact as in L. major. 


Trilites equatibossus n. sp. 
(Pl. 25, figs. 13, 14) 
Description. Trilete, laesurae about */, to ?/, of radius; equatorial contour rounded- -triangular 
to circular; polar regions have a subverrucate sculpture pattern, equatorial region sculptured with small | 


spherical projections (similar to those of T. bossus) and occasional short, blunt papillae; exine about 2 u, 
excluding projections. 
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Size Range. 38 to 43 « in equatorial diameter (8 specimens). 

ioloty p.é.° Pl,.25, fig. 13? slide C-2/6, specimen K 955; 34.8, 108.3; Gristhorpe Beds, Yorkshire 
(Bajocian). 

Distribution. Bajocian (Middle Deltaic) — see Table 6. 

Affinity. Not known. 


Trilites distalgranulatus n. sp. 
(Pl. 25, figs. 15, 16) 

Description. Trilete, laesurae reaching to equator, commissures raised; in polar view has charac- 
teristic appearance (as in the spores of Gleichenia) of the concave sides of the contact face surrounded 
by the more or less straight sides of the distal surface; proximal surface smooth; distal surface sculp- 
tured with conspicuous granules, about 1 u across, projecting up to 1.5 « above the surface and spaced 
from 1 to 2 « apart; exine about 1.5 w thick. 

Size Range. 28 (35) 40 « in equatorial diameter. 

Holotype. Pl. 25, figs. 15, 16; slide C 155/3, specimen 5112521057: 

Distribution. Aptian (Table 10). 

Affinity. Not known. 


Genus Monolites Cooxson ex R. POToNIÉ 


1956 R. Poronız, Beih. Geol. Jb. 23, p. 77. 
Type Species (subsequent designation). — Monolites major Cooxson. 
1947 B.A.N.Z. Antarct. Res. Exped. (1929—1931) Rep. A 2 (Geol.), pt. 8, p. 135, Pl. 15, fig. 56. 
Monolites sp. (? spp.) 
(Pl. 25, figs. 17, 18) 

Description. Only four specimens of smooth monolete spores were recorded in the writers in- 
vestigations of British Jurassic and Lower Cretaceous sediments. So few specimens do not warrant 
specific identification. Descriptions of the individual specimens are given below. 

All are monolete, with distinct, comparatively long laesurae; exine is smooth in all specimens. 


Size Range and Exine Thickness. 
(1) Slide C 5/6; 75 X 45 u (Length X Breadth) Exine; 2.5 u. 
(2) Slide C 33/4 (Pl. 25, fig. 18); 62 X 43 u (Length X Breadth) Exine; about 0.75 u. 
(3) Slide C 30/11; 68 X 35 « (Length X Depth) Exine; 2.5 u. 
(4) Slide C 5/7 (Pl. 25, fig. 17); 52 X 22 u (Length X Depth) Exine; about 0.75 u. 


Affinity. Not known. 


Family Caytoniaceae (provisional assignment) 
Genus Caytonipollenites n. gen. 


Diagnosis. Pollen grains, very small, usually less than 35 « overall; disaccate or rarely trisac- 
cate; body of grain oval in polar view, longer than broad; exine of body very thin and finely scabrate to 
smooth; bladders large in relatior’ to body, sculptured with fine thickenings, forming an obscure reti- 
culum. 

The genus is proposed for the reception of fossil pollen grains of the type met with in Caytonanthus. 

Type Species (here designated). — Caytonipollenites pallidus (REISSINGER). 

REISSINGER (1938), described Liassic pollen grains similar to those of Caytonanthus as a new spe- 
cies (pallidus) of Sewarps genus Pityosporites. His specimens do not conform to SEWARDS generic dia- 
gnosis. In a later publication, Reıssinger (1950) introduced a new generic name, Pityopollenites, but no 
generic diagnosis was given and Pityopollenites cannot be considered a valid generic name. 
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Caytonipollenites pallidus (Reıssıncer) n. comb. 
(Pl. 26, figs. 7, 8) 

1938 Pityosporites pallidus Reıssinger, Palaeontographica B 84, p. 14 (not figured). 
1950 Pityopollenites pallidus REIssINGER, Palaeontographica B 90, p. 109, PI. 15, figs. 1—5. 

Description. Pollen grains disaccate or rarely trisaccate (less than 1 specimen in 1000); body of 
grain oval in polar view, longer than broad; exine of body very thin, about 0.5 u to 0.75 u, scabrate to 
smooth; bladders large in relation to size of body, sculptured with fine thickenings, forming an obscure 
reticulum; bladders slightly offset towards the distal surface; a sulcus running almost the length of the 
body can be seen between the distal attachments of the bladders in some specimens. 


Size Range. 
Length of body; 12 (18) 30 u Breadth of bladder; 9 (12) 19 u 
Breadth of body; 8 (12) 16 u Overall Breadth of grain; 20 (28) 38 u 
Length of bladder; 13 (19) 30 « Ratio Length to Breadth of body; 1.15 (1.5) 2.0 


Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. Caytonipollenites pallidus is indistinguishable from the pollen grains of Caytonanthus 
(see Chapter IV). There can be little doubt that many, if not most, of the specimens of Caytonipollenites 
from the Middle Jurassic of Yorkshire belong to Caytonanthus. The pollen grains of the apparently un- 
related Liassic fossil, Harrisia marsilioides are, however, very similar (see Chapter IV) and it may be that 
all specimens of Caytonipollenites recorded in this paper are not of definite caytonialean affinity. 

Caytonipollenites pallidus is quite distinct from winged pollen grains of the Abietineae and Podo- 
carpaceae and should never be confused. Its small size, elongated body and very thin exine distinguish 
it readily. 

Considerably larger, but rather similar grains to Caytonipollenites are known from fructifications 
of the Mesozoic pteridosperm, Pteruchus (see below). 


Mesozoic Pteridospermae (provisional assignment) 
Genus Pteruchipollenites n. gen. 

Diagnosis. Saccate; body of grain longer than broad; bladders attached distally but not markedly 
so; mesh of reticulate thickenings of bladders less than 3 u; exine of body thin. 

Type Species (here designated). — Pteruchipollenites thomasii n. sp. 

Pteruchipollenites thomasii n. sp. 
(Pl. 26, figs. 10—12) 

Description. Grains disaccate, body of grains longer than broad; exine of proximal cap scabrate 
and 0.75 to 1.5 x thick; bladders sculptured with rather obscure reticulate thickenings, mesh of reti- 
culum 1 to 2 u across; in suitably orientated specimens the bladders can be seen to be attached distally, 
but not markedly so as in the Abietineae. 

Size Range. 

Length of body; 35 (48) 60 u Breadth of bladder; 16 (25) 33 u 
Breadth of body; 20 (35) 48 u Overall Breadth; 45 (60) 78 u 
Length of bladder; 33 (45) 55 « Ratio Length to Breadth of body; 0.95 (1.28) 2.1 

The species is named after Dr. H. Hamsuaw Tuomas who isolated similar pollen grains from Pteruchus, 

a pteridospermous plant from the Middle Triassic of South Africa. 


Holotype. Pl 26 fig) 10: slide € 104/2, specimen K 5034; 36.7, 101.0; Parrot Shale, Brora Mine 
(Middle Jurassic). | 


Distribution. Jurassic (Tables 3—9). 
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Affinity. The winged grains described here as P. thomasi are similar to those of Pteruchus (see 
Pl. 26, fig. 9). The similarity of the grains does not necessarily imply a close relationship, although the 
affinity of P.thomasii almost certainly lies with some group or groups of Mesozoic pteridospermous 


plants. Its elongated body and fine reticulation of the bladders clearly separate it from any known 
winged conifer grains. 


Bieruenipollentites mierosaccusn.sp. 
(Pl. 26, figs. 13, 14) 

Description. Disaccate, body of grain longer than broad; bladders poorly developed and consi- 
derably longer than broad (ratio length to breadth over 2); mesh of reticulate thickenings of bladders 
around 1.5 u or less; exine of proximal cap scabrate, around 1 u thick; a poorly developed sulcus can be 
distinguished between the bladders in some specimens. 

Size Range. 


Length of body; 55 (60) 78 u Breadth of bladder; 18 (25) 30 u 
Breadth of body; 30 (48) 58 u Overall Breadth; 35 (55) 63 u 
Length of bladder; 53 (60) 75 u Ratio Length to Breadth of body; 1.0 (1.33) 1.9 


Holotype. Pl. 26, fig. 13; slide C 90/2, specimen K 5032; 41.0, 101.3; Cambridge Observatory Bore- 
hole (Middle Jurassic). 
Distribution. Middle and Upper Jurassic (Tables 7—9). 


Affinity. P. microsaccus is clearly separable from the pollen grains of Recent conifers. Its affi- 
nities, like those of P. thomasii probably lie with the Mesozoic Pteridospermae. 


Coniferales 


Family Araucariaceae (provisional assignment) 


Genus Araucariacites Cookson ex COUPER 


1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 39. 
Type Species (subsequent designation). — Araucariacites australis CooxKson. 
1947 B.A.N.Z. Antarct. Res. Exped. (1929—1931) Rep. A 2 (Geol.) pt. 8, p. 130, Pl. 13, figs. 1—4. 
Araucariacites australis Cookson 
(Pl. 27, figs. 3—5) 
1947 (see above). 

Description. No germinal aperture (inaperturate); grains originally spherical but frequently 
folded in the fossil state; exine about 0.5 to 0.75 w thick, sub-granular, sub-papillate or scabrate sculp- 
ture, rather variable. 

Size Range. 52 (70) 82 « in greatest dimension. 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. The pollen grains recorded above as A. australis (described by Cooxson from Tertiary 
sediments in Kerguelen) are comparable in all respects with those of the Jurassic araucarian Brachy- 
phyllum mamillare (see Chapter IV). 

All Recent species of Araucariaceae have very similar grains and it is thus not surprising that the 
British specimens are indistinguishable from Cooxsons Kerguelen species. 


— 152 — 


Family Taxodiaceae (provisional assignment) 
Genus Perinopollenites n. gen. 


Diagnosis. Monoporate, but pore not always clearly shown; grains originally more or less spheri- 
cal, folding readily; exine consisting of two distinct layers, the outer loosely fitting. 
Type Species (here designated). — Perinopollenites elatoides n. sp. 


Perinopollenites elatoides n.sp. 
(Pl. 27, figs. 9—11) 

Description. Monoporate, pore not always clearly shown; grains originally spherical but fold 
readily; exine consisting of two distinct layers; the outer is scabrate and very thin (less than 0.5 «) 
loosely fitting and wrinkles and tears easily; the inner is around 0.75 to 1.0 « thick, smooth to finely 
scabrate. 

Size Range. 30 (48) 54 u including outer coat; 28 (40) 52 uw excluding outer coat. 

Holotype. Pl. 27, fig. 9; slide C 2/6, specimen K 956; 34.5, 108.9; Gristhorpe Beds, Yons Nab, York- 
shire (Middle Jurassic). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. There can be little doubt that many of the specimens of P. elatoides from the Jurassic 
of Yorkshire are the pollen grains of Elatides williamsoni which is confidently assigned to the Taxodia- 
ceae (see Chapter IV). 


Coniferae (provisional assignment) 


Genus Abietineaepollenites R. Poronık 


1951 Palaeontographica B 91, p. 144. 

Type Species (subsequent designation). — Abietineaepollenites microalatus R. PoTonI£. 
1931 Piceae — pollenites microalatus R. Por., Jb. Preuss. Geol. L.-A. (1931), Bd. 52, p.5, fig. 34. 
1951 Abietineaepollenites microalatus R. Por. (n.comb.), Palaeontographica B 91, p. 144. 


Abietineaepollenites microalatus R. PoTONIÉ 
(Pl. 28, figs. 11—13) 
1931 (see above). 

Description. Grains disaccate, rarely trisaccate; body of grain broader than long, rarely cir- 
cular to longer than broad (see length — breadth ratio below); exine of proximal cap 1.5 to 2.5 u thick, 
scabrate to sub-foveolate; no definite marginal ridge; bladders large, of the haploxylon type, sculptured 
with clear reticulate thickenings, mesh of reticulum 4 to 7 u across, attached distally; exine of distal 
furrow thin and more or less smooth. 


Size Range. 
Length of body; 36 (48) 68 u Breadth of bladder; 30 (38) 42 u 
Breadth of body; 46 (58) 76 u Overall Breadth; 68 (85) 105 « 
Length of bladder; 38 (52) 70 u Ratio Length to Breadth of body; 0.68 (0.88) 1.2 
Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 
Affinity. A.microalatus is closely comparable to the grains of certain Recent species of Pinus 
(P. cembra [Pl. 28, figs. 8, 9] and P. peuce for example). The Lower Cretaceous specimens at least, may 
well belong to plants closely related to Pinus. They appear distinct from Abies, Picea and Cedrus. 
The writer attempted to separate the Lower Cretaceous winged conifer grains from the very similar 
Jurassic grains, by a size statistical study, but as can be seen from text fig. 10 they appear to be in- 
dinstinguishable on size. It is unlikely, however, that they were produced by the same species of plants. 
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The close similarity of the Lower Cretaceous and Jurassic grains and the almost identical bimodal curves 
obtained are difficult to explain. It is unusual to find two clearly defined size groups persisting over such 
a long period of time. No plants closely related to Pinus and which could be expected to produce such 
grains are known as yet from the Jurassic. 
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Text fig. 10. Size frequency curves of breadth of body of Jurassic and Lower 
Cretaceous specimens of Abietineaepollenites microalatus and A. minimus. 


—— = 200 specimens from the Wealden. 
——-—-— = 125 specimens from the Jurassic. 


Abtetineaepollenites minimus n.sp. 
(Pl. 28, figs. 14, 15) 

Description. As for A. microalatus, except that the exine of the proximal cap is thinner (1 to 
2 u) and the mesh of the bladder reticulum is from 3 to 5 wu across. 

Size Range. 

Length of body; 26 (33) 46 u Breadth of bladder; 22 (25) 30 u 
Breadth of body; 28 (40) 45 u Overall Breadth; 48 (62) 68 u 
Length of bladder; 28 (35) 45 « Ratio Length to Breadth of body; 0.65 (0.86) 1.15 

Holotype. Pi. 28, figs. 14, 15; slide C 128/10, specimen K 5097; 50.3, 102.2; Kingsclere Borehole 
(Wealden). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. Similar, though generally larger grains are found in the Recent species Pinus cembra 
and P. peuce, and the Lower Cretaceous specimens may have belonged to closely related plants. The affi- 
nity of the Jurassic specimens is obscure (see comments under A. microalatus). 

Abietineaepollenites dunrobinensis n. sp. 
(Pl. 29, figs. 1, 2) 

Description. Grains disaccate, body of grain broader than long; exine of proximal cap 3 to 4 u 
thick, foveolate, giving a microreticulate sculpture pattern in surface view; no definite marginal ridge; 
bladders large, of the haploxylon type, mesh of reticulate thickenings around 5 u; exine of distal sulcus 
thin and more or less smooth. 

Size Range (18 specimens). 

Length of body; 85 to 115 « (mainly 90 to 100 «) Breadth of bladders; 55 to 93 u 


Breadth of body; 88 to 130 « (mainly over 100 «) Overall Breadth; 112 to 200 (mainly over 130 «) 
Length of bladders; 90 to 117 u Ratio Length to Breadth of body; 0.86 to 0.96 


Palaeontographica. Bd. 103. Abt. B. 20 
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Although only comparatively few specimens were found, the possible stratigraphic value of these 
characteristic and easily recognisable grains appears to justify their description as a new species. 

Holotype. Pl. 29, fig. 1; slide C 107/6, specimen K 5046; 38.0, 111.2; Brora district (Lower Lias). 

Distribution. Lower Lias (Table 3). 

Affinity. The grains are considerably larger but otherwise similar in general appearance to those 
of some specimens of Abies and Picea. The preservation of the specimens is not good and does not allow 
detailed comparison. In the absence of other evidence of the presence of Abies and Picea or even related 
forms in Liassic times, further speculation on the affinity is not justified. 


Genus Parvisaccites n. gen. 


Diagnosis. Body of grain generally broader than long; bladders small in comparison with body 
of grain, thickenings of bladders tending to a radial arrangement; bladders attached distally. 


Type Species (here designated). — Parvisaccites radiatus n. sp. 


Parvisaeeites radiatusnsp. 
(Pl. 29, figs. 5—8; Pl. 30, figs. 1, 2) 

Description. Pollen grains disaccate; body of grain generally broader than long; bladders small 
in comparison with size of body; clear, radially arranged thickenings run from the proximal roots of the 
bladders almost to the tips, distal roots and surface of bladders have a sculpture of rather indistinct reti- 
culate thickenings; proximal cap sub-rugulate (closely wrinkled) 2.5 to 4 u thick, sculpture pattern of 
the proximal cap merges into the more radially arranged sculpture of the proximal surface of the 
bladders; exine of distal furrow very thin (less than 1 «) and smooth. 


Size Range. 


Length of grain; 30 (43) 68 u Breadth of bladders; 16 (23) 30 u 
Breadth of grain; 38 (50) 72 u Overall Breadth; 42 (60) 80 u 
Length of bladders; 28 (40) 65 «u Ratio Length to Breadth of body; 0.75 (0.86) 1.1 


Holotype. Pl. 29, figs. 5, 6; slide C 128/9, specimen K 5096; 28.3, 107.5; Kingsclere Borehole 
(Wealden). 


Distribution. Wealden and Aptian (Table 10). 


Affinity. At the present day, pollen grains with small, radially thickened bladders, are known 
only in a few species of the genus Dacrydium (D. cupressinum and D. elatum for example). The bladders 
of D. cupressinum however, are less well developed and tend to coalesce (see Pl. 29, figs. 3, 4). The 
writer has not examined the grains of D. elatum but Erprman (1943) shows an equatorial view (Pl. XXII, 
fig. 404) which appears very similar to P. radiatus. 


Frorin (1940, p. 73) pointed out that there is no definite evidence of Podocarpaceae in Northern 
Hemisphere fossil floras. It would be unwise to claim the similarity of P. radiatus to some Recent 
species of Podocarpaceae as positive evidence of the presence of Podocarpaceae. 


Parvisaccites enigmatus n. sp. 
(Pl. 30, figs. 3—5) 

Description. Grains disaccate, body of grains often as long as broad; bladders small in com- 
parison with body, tending to coalesce at their ends so that in some specimens they appear to encircle 
the body; bladders sculptured with radial thickenings, free ends of bladders uneven in outline; proximal 
cap coarsely wrinkled in some specimens giving a pseudoreticulate sculpture; exine of proximal cap 


about 3 « thick; suitably orientated specimens show a marginal ridge; exine of distal furrow thin and 
more or less smooth. 
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Size Range. 


Length of body; 30 (33) 40 u Breadth of bladders; 13 (13) 17 u 
Breadth of body; 30 (33) 42 u Overall Breadth; 43 (45) 50 u 
Length of bladders; 32 (34) 42 u Ratio Length to Breadth of body; 0.92 (1.0) 1.05 


Holotype. Pl. 30, figs. 3, 4; slide C 73/1, specimen K 5021; 45.2, 114.1; Upper Deltaic, Gristhorpe 
(Middle Jurassic). 


Distribution. Middle Jurassic (Upper Deltaic Series and its equivalents); see Tables 7, 8 and 
Chapter II. 

Affinity. As with P. radiatus, comparable pollen grains are found at the present day only in the 
Podocarpaceae. In particular, the grains of Dacrydium cupressinum, have very similar more or less 
encircling bladders (see PI. 29, figs. 3, 4). However, in the absence of any other evidence of the presence 
of Podocarpaceae, the close similarity of P. enigmatus to certain podocarpaceous grains must be treated 
with caution. 

REIssINGER (1950, p. 115—116, Pl. 17, figs. 25—32), described from Liassic sediments at Teufelsgraben, 
near Altdorf, similar but considerably larger grains than P. enigmatus as a new species, Pollenites 
bitorosus. No definite comment was made on its affinity except that it was described under the heading 
“A New Conifer Genus?”. One specimen was noted from Lower Liassic sediments near Dunrobin Castle, 
N.E. Scotland (slide C 107) which compares reasonably well with Reıssınger’s species. Although a search 
was made no further specimens were found. 


Genus Tsugaepollenites R. Poronık and VENITZ 


1934 Arb. Inst. Palaeob. Petr. Brennsteine 5, p. 17. 
1937 (syn.) Tsugaepollenites Raatz, Abh. Preuß. Geol. L.-A. Berlin, H. 183, p. 15. 

Type Species (subsequent designation). — Tsugaepollenites igniculus R. Por. 
1931 Sporonites igniculus R. Por., Z. Braunkohle (1931), H. 27, p. 556, fig. 2. 
1934 Tsugaepollenites igniculus R. Por. and Venirz, Arb. Inst. Palaeob. Petr. Brennsteine 5, p. 17, Pl. 1, 

fig. 8. 

su oaepollenites-mes0o2o0Lcus.n. sp. 
(Pl. 30, figs. 8—10) 

Description. Grains saccate; equatorial contour circular to broadly elliptical; exine of distal 
surface very thin and almost smooth over a circular area (corresponding to the distal sulcus of disaccate 
grains); surrounding this circular area is a well developed equatorial fringe of twisted saccate protrusions, 
about 5 to 6 « high; exine at the proximal pole is also saccate, but individual sacs are not so well 
developed as around the equatorial area, sculpture pattern of the polar area gradually merges into the 
pattern of the equatorial fringe. 

Size Range. Equatorial diameter (including fringe); 45 (65) 88 u. 

Holotype. Pl. 30, fig. 8; slide C 73/2, specimen K 5022; 52.2, 114.3; Upper Deltaic, Gristhorpe 
(Middle Jurassic). 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. T. mesozoicus is comparable in its morphology with the pollen grains of some Recent 
species of Tsuga, such as T. canadensis (Pl. 30, figs. 6, 7). The thin exined, circular sulcus surrounded by 
a fringe of twisted saccate projections can be matched in the fossil grains. The saccate projections of 
the fossil forms are, however, larger than in the Recent grains and also there is not such a distinct 
difference between the sculpture of proximal and equatorial regions in the fossil forms. 

No Mesozoic plants considered to have affinities with Tsuga have been described to the writer’s 
knowledge. T. mesozoicus is, however, almost certainly of coniferous origin and judging purely from 
pollen morphology, would appear to have been derived from plants with affinities to Tsuga. 
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REISSINGER (1950, Pl. 17, figs. 33, 34), recorded but did not describe, similar pollen grains to T. meso- 
zoicus from Liassic sediments. He compared them with Tsuga. 


Coniferales — Incertae Sedis 
Genus Classopollis PrLuc (here emended) 


1953 Palaeontographica B 95, p. 91. 

Emended Diagnosis. Pollen grains circular to oval in polar view; equatorial region with distinct 
endexinal thickening; exine of polar regions comparatively thin, scabrate; proximal pole usually show- 
ing a vague tetrad marking, taking the form of a weak area in the exine. 

The genus is intended for the reception of dispersed pollen grains of the type met with in Pagio- 
phyllum connivens (see Chapter IV). 

PrLuc (1953) figured and described under three new genera and five new species, pollen grains 
similar in every respect to those of Pagiophyllum connivens. The writer (1955, p. 472—474) has put for- 
ward evidence that PrLuG completely misinterpreted the structure of the grains and further that the 
range of variation of the grains of Pagiophyllum connivens is such that PrLuc’s species could be classed 
as one species. Thus PrLuc’s genus Classopollis has been selected as a genus to accomodate dispersed 
spores of the type found in Pagiophyllum and has been emended as above. 

Type Species. — Classopollis torosus (REISSINGER). 

THIERGART (1949, p. 11) described dispersed pollen grains of the Pagiophyllum type as Bennettitae 
Pollenites reclusus. In the writers opinion, THIERGART’s species is not valid because the biverbal form of 
the “generic” name is not admissable under the International Rules of Nomenclature and also no generic 
diagnosis was given. 

REISSINGER (1950, p. 115) described similar pollen grains as Pollenites torosus. He noted the equatorial 
thickening and compared the grains with those of Cheirolepis muensteri. Unfortunately, it appears from 
the text that his species name applies only to the specimen figured on PI. 14, fig. 20, which is a very 
poor illustration. The genus Pollenites is very large and poorly defined and has now been split up into 
many genera. Thus, the writer here designates REIssINGER’s species torosus as the type species of PFLuc’s 
genus, Classopollis. Priuc’s species, including his designated type species, Classopollis classoides, as well 
as his other genera, are included in C. torosus as later synonyms. 


Classopollis torosus (REISSINGER) n. comb. 
(Pl. 28, figs. 2—7) 
1950 Pollenites torosus RetssincER, Palaeontographica B 90, Pl. 14, fig. 20. 
1953 Classopollis declassis Pruuc, Palaeontographica B 95, Pl. 16, figs. 16—19. 
1953 Classopollis classoides PrLuc, ibid., Pl. 16, figs. 20—25, 29—37. 
1953 Tetrads of Classopollis, ibid., Pl. 16, figs. 39—41. 
1953 Circumpollis pharisaeus PrLuc, ibid., Pl. 17, figs. 28—30. 
1953 Circumpollis philosophus Prive, ibid., Pl. 17, figs. 31—36. 
1953 Canalopollis maturus PrLuc, ibid., Pl. 17, figs. 48—60. 

Description. The following description is based on specimens from the “Pagiophyllum connivens 
Bed”, north of Cloughton Wyke (T. M. Harris, manuscript name only). It is the writers locality C 27 
(see Appendix A). 

Pollen grains with a distal pore (monoporate), pore not always clearly shown; grains originally 
more or less spherical but frequently distorted, so that the equatorial contour is sub-circular, oval, sub- 
triangular or sub-quadrangular; exine scabrate, consisting of small inwardly projecting rod-like granu- 
les giving a pitted appearance in surface view, 0.75 to 1 u thick at poles, thickening to 3 in equatorial 
region; thickening in the form of some 4 to 7 or more annular bands of endexinal thickening, each band 
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being about 1 « wide and together forming a zone from 5 to 8 « wide (see Pl. 28, figs. 6, 7); in some spe- 
cimens the thickened bands are not continuous but are formed of discrete granules arranged linearly 
(the two forms of thickening are probably due to differences in the state of preservation because occasio- 
nal specimens show both continuous and discrete bands); in most polar views, individual bands cannot 
be distinguished; a vestigial, poorly developed tetrad scar is present at the proximal pole of some speci- 
mens in the form of a triangular shaped weak area in the exine (see Pl. 28, fig. 5); on the distal surface 
immediately below the thickened equatorial zone, is developed an almost completely encircling line of 
parting between the thickened equatorial zone and the thinner exine of the distal polar area (see Pl. 28, 
figs. 2—4); no such comparable feature is developed on the proximal surface; about 1 per cent of speci- 
mens are still in their tetrads. 

Size Range. 24 (32) 46 « in equatorial diameter. 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. As noted in Chapter IV, the pollen grains of the Jurassic plant Pagiophyllum connivens 
are comparable in all respects. The exact affinity of this plant is not known, but it undoubtedly belongs 
to the Coniferales. No Recent conifers have pollen grains of the type described above. 


Pollen Grains — Incertae Sedis 


Genus Monosulcites Cookson ex Couper 
1953 N.Z. Geol. Surv. Pal. Bull. 22, p. 65. 
Type Species (subsequent designation). — Monosulcites minimus Cookson. 
1947 B.A.N.Z. Antarct. Res. Exped. (1929—1931) Rep. A 2 (Geol.) Pt. 8, p. 135, Pl. 15, figs. 47—50. 


Monosulcites minimus Cooxson 
(Pl. 26, figs. 23—25) 


1947 (see above). 


Description. Grains monosulcate, sulcus broad and reaching almost whole length of grain, ends 
rounded; grains elliptical, some specimens with rather pointed ends in polar view; exine smooth, around 
1 u thick. 

Size Range. 

Length; 18 (30) 45 u Depth; 12 (18) 28 u 
Breadth; 15 (22) 33 u Ratio Length to Breadth; 1.2 (1.4) 1.6 

Distribution. Jurassic and Lower Cretaceous (Tables 3—10). 

Affinity. Generally similar pollen grains to M. minimus are known from fossil ginkgoalean, 
cycadalean and bennettitalean fructifications (see Chapter IV). Ginkgoalean grains are usually more 
elongated than cycadalean grains and their generally smaller size separates them from many bennetti- 
talean species. If the associated grains of all the above groups are considered, however, there is consi- 
derable overlap in size and shape and the possibility of assigning dispersed grains of less than about 50 u 
to one or other of the groups seems rather remote. 

At the same time it should be noted that many specimens of M. minimus from the Upper Deltaic of 
Yorkshire are almost certainly of ginkgoalean origin. The Upper Deltaic specimens are an extremely 
good match with those of Ginkgo huttoni which is abundant in this series. 

The writer recorded small, smooth, monosulcate grains from Jurassic and Upper Cretaceous sedi- 
ments in New Zealand as M. minimus (Couper 1953 a). The British specimens appear indistinguishable 
from these and from Cooxson’s Tertiary specimens. Thus, rather than erect a new species for pollen 
grains that obviously have only a very limited stratigraphic value, the British specimens are referred 
to Cooxson’s species. 
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Monosulcites carpentieri DELCOURT and SPRUMONT 
(Pl. 26, figs. 26, 27) 
1955 Mem. Soc. Belg. Geol. n.s. 4 (5), p. 54, fig. 14. 
Description. Grains monosulcate, sulcus running entire length of grain, usually gaping widely 
at the ends; grains long and narrow in polar view; exine smooth to scabrate and around 1 « thick. 
Size Range. 
Length; 48 (58) 80 u Depth; 22—38 u (6 specimens only) 
Breadth; 23 (28) 40 u Ratio Length to Breadth; 1.6 (2.1) 3.0 
Distribution. Middle and Upper Jurassic and Lower Cretaceous (Tables 4—10). This species is 
recorded as M. bennetitoides in Tables 5—10. 
Affinity. The nature of the sulcus, size and elongated shape, suggests a bennettitialean affinity. 
In particular, the grains compare closely with those of Williamsonia himas and W. spectabilis (see 
Chapter IV). 
Monosulcites subgranulosus N. sp. 
(Pl. 26, figs. 28—30) 
Description. Grains monosulcate, sulcus reaching almost to end of grain, ends rounded; grains 
elongated and with generally pointed ends in polar view; exine sub-granular, 2 to 2.5 u thick. 
Size Range (12 specimens). 
Length; 45 (60) 68 « Depth; 35 « (one specimen only) 
Breadth; 22 (38) 38 u Ratio Length to Breadth; around 1.6 
Holotype. Pl. 26, fig. 28; slide C 106/2, specimen K 5131; 49.1, 98.3; Brora district (Lower Lias). 
Distribution. Lower Lias (Table 3). Pl. 26, fig. 30, illustrates a closely similar grain from Lower 
Liassic shale at Palsjo, N. W. Scania. 
Affinity. Not known. 


Genus Spheripollenites n. gen. 

Diagnosis. Pollen grains, probably monoporate (pore poorly developed); originally more or less 
spherical but fold readily; exine thin and minutely sculptured; less than 45 u in diameter. 

Type Species (here designated). — Spheripollenites scabratus n. sp. 

Sphertpollenites seabratusmiuisp: 
(Pl. 31, figs. 12—14) 

Description. Grains monoporate ? (most specimens appear to have a weak area in the exine 
which tears readily, suggesting the presence of a poorly developed pore); grains originally spherical but 
fold readily; exine 1 to 1.5 « thick, sculpture scabrate, in optical section edge of grain appears smooth. 

SizeRange. 25 (30) 42 x in diameter. 

Holotype. Pl. 31, fig. 12; slide C 1/4, specimen K 948; 31.1, 100.5; Gristhorpe, Yorkshire (Middle 
Jurassic). 

Distribution. Middle and Upper Jurassic and Lower Cretaceous (Tables 4—10). 

Affinity. The precise affinity is not known, but the grains are probably coniferous in origin. 

S. scabratus is similar to the pollen grains of Pagiophyllum connivens in shape, size, sculpture and 


presence of occasional grains in tetrads. It lacks, however, the characteristically thickened equatorial 
zone of the grains of these species. 


Spheripollenites subgranulatus n. sp. 
(Pl. 31, figs. 9—11) 
Description. Grains probably monoporate (some specimens show a weak area in the exine); 
originally more or less spherical but fold readily; exine 0.75 to 1.0 « thick, sculptured with very small 
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granules (less than 0.5 x) which in optical section of some specimens can be seen projecting slightly 
above the surface (cf. the smooth surface of S. scabratus). 

Size Range (18 specimens). 17 to 24 u, mainly less than 20 u. 

Holotype. Pl. 31, fig. 9; slide C 128/9, specimen K 5095; 32.4, 112.2; Kingsclere Borehole (Wealden). 

Distribution. Middle and Upper Jurassic and Lower Cretaceous (Tables 4—10). 

It is likely that S. subgranulatus has a more extensive distribution than is indicated in Tables 4—10. 
Because of its small size and comparative rarity in any one slide, and also its similar appearance to 
smaller specimens of S. scabratus it may have been overlooked in low power searches or counted in with 
S. scabratus. 

Affinity. The pollen grains of Recent species of Taxus are similar, although generally more 
clearly sub-granular. Frorm (1944, p.516), described a member of the Taxaceae, Taxus jurassica, from 
Lower Deltaic sediments, near Whitby. It is possible that S. subgranulatus is of taxaceous affinity. 


Spheripollenites psilatus n. sp. 
(Pl. 31, figs. 4—8) 

Description. Grains monoporate (?); originally spherical but frequently folded in fossil state; 
exine smooth, about 1.5 w thick. 

Size Range. 23 (28) 33 u in diameter. 

Holotype. Pl. 31, fig. 4; slide C 155/3, specimen K 5112; 44.8, 107.8; Lower Greensand, Isle of 
Wight (Aptian). 

Distribution. Wealden and Aptian (table 10). 

Affinity. The grains match perfectly those of some living species of the Cupressaceae (those of 
Thuja orientalis are shown for comparison in Pl. 31, figs. 1—3), but a definite suggestion of affinity based 
on such comparatively featureless pollen grains is not warranted. 


Genus Clavatipollenites n. gen. 


Diagnosis. Monosulcate, sulcus broad and long; grains broadly elliptical to almost spherical in 
equatorial contour; exine clearly stratified, consisting of an inner unsculptured layer (nexine) arising 
from which is a sculptured layer (sexine) made up of clavate projections, tending to expand and fuse 
together at their tips to form a tectate exine. 

Type Species (here designated). — Clavatipollenites hughesii n. sp. 

Clavetipollenites hughesti n.sp. 
(Pl. 31, figs. 19—22) 

Description. Monosulcate, sulcus broad and running almost whole length of grain; grains broadly 
elliptical to almost circular in equatorial contour; exine consisting of an inner unsculptured nexinous 
layer about 0.75 w thick, carrying an outer sexinous layer of closely spaced, clavate projections about 
1 u long; in most specimens the clavate projections expand and fuse together at their tips, so forming a 
tectate exine; in surface view, the sculpture pattern forms a micro-reticulum. 


Size Range. 

Length; 18 (20) 29 u Depth; 17 to 19 « (only 3 suitably orientated specimens). 
Breadth; 15 (18) 20 u . 

Holotype. Pl. 31, figs. 21, 22; slide C 128/9, specimen K 5087; 35.8, 114.2; Kingsclere Borehole 
(Wealden). 

Distribution. Wealden and Aptian (Table 10). 

Affinity. Monosulcate pollen grains with clearly stratified, tectate exines similar to that 
described in C. hughesii, are, to the writer’s knowledge, found at the present day only in the Angiosper- 
mae. The nature of the sculpture of C. hughesii, in particular the reticulate appearance in surface view, 
is strikingly like that of the pollen grains of Ascarina lucida, a member of the dicotyledonous Family, 
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Chloranthaceae (Pl. 31, figs. 15—18). Similarly sculptured grains are found in a number of species of 
Liliaceae. Erprman (1943, 1952) and Farcrı and Iversen (1950) discussed in detail the exine morphology 
of angiospermous pollen grains. 

In view of the possibility that C. hughesii may be of angiospermous origin, it is perhaps significant 
to note that similar grains were described by the writer from New Zealand Upper Cretaceous sediments 
as Liliacidites variegatus (Couper 1953a). Further specimens have since been identified from the 
Paparoa Beds of the West Coast of the South Island, which also contain some of the earliest (but not the 
oldest) undoubted dicotyledonous pollen grains known in New Zealand. The exact age of these beds is 
not known but they are probably lower Senonian (from the writer’s unpublished data). 

Whatever the true affinity of C. hughesii is, the writer considers it fair to claim from his knowledge 
of spore and pollen grain morphology, that it almost certainly does not belong to the Pteridophyta or 
Pteridospermae and is unlike any known fossil or Recent pollen grain of the Gymnospermae. In this 
connection it should be noted that Erprman’s (1943) illustrations of the pollen grains of Taxus are a little 
misleading. Preparations of Taxus pollen grains examined by the writer show that the projections are 
more or less iso-diametric (i.e. granular) and not clavate as are suggested by Erprman’s drawings. In any 
case, there is no indication of a tectate exine in Taxus grains. 


Genus Eucommiidites Erprman (here emended) 


1948 ERDTMAN, Geol. Foren. Forhandl. 70 (2), p. 267. 

ERDTMAN (1948, p.268), used the term “Eucommiidites” as an example of a “nomen typicum con- 
cretum” in his proposed classification of fossil spores and pollen grains. As used in his pollen species 
Tricolpites (Eucommiidites) troedssoni from the Lower Liassic of N. W. Scania, it is here considered to 
have been a sub-genus and is now raised to generic rank and an emended diagnosis given. This step has 
been taken because there is doubt whether the colpi of E. troedssonii are strictly comparable with the 
colpi of true dicotyledonous pollen grains (CoupErR 1956). It seems better to retain the useful form genus 
Tricolpites for undoubted dicotyledonous pollen grains. 

Emended Diagnosis. Pollen grains, with one colpus generally better developed than the other 
two and similar to the single sulcus of some gymnospermous pollen grains; grains elongated-elliptical 
in equatorial contour, not symmetrical about their long axis, the surface carrying the main colpus being 
more flattened; exine smooth to scabrate. 

Type Species (here designated). — Eucommiidites troedssonii ERDTMAN. 

1948 Tricolpites (Eucommiidites) troedssonii ERDTMAN, Geol. Foren. Forhandl. 70 (2), p. 267—268, Text 
figs. 5—10, 13—15. 
Eucommiidites troedssonii ERDTMAN 
(Pl. 31, figs. 23—27) 
1948 (see above). 

Description. The following description is based on specimens from the type locality at Palsjo, 
in N.W. Scania; the British specimens can be matched perfectly, point by point, with those from the type 
locality. A comparison of E. troedssonii with the pollen grains of gymnospermous and dicotyledonous 
plants will be found under the heading “Affinity”. 

Pollen grains “tricolpate”, one colpus generally better developed than the other two, extending 
almost the whole length of the grain, tending to narrow in the middle and expand at the ends, often 
deeply invaginated; the other two colpi are less well developed in most specimens and are sometimes 
represented by short, jagged edged slits in the exine; grains initially asymmetrical about their long 
axes, the surface carrying the main colpus being more flattened than the surface with the minor colpi; 
exine 1 to 2 uw thick, smooth to scabrate. 

Size Range (the dimensions measured are set out in Text fig. 11. Polar Diameter (P); 28 (35) 
42 u; Equatorial Diameter (E,); 20 (26) 35 u; Equatorial Diameter (E.); 18 (22) 28 u. 
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Distribution (of British specimens). Middle and Upper Jurassic and Wealden (Tables 4—10). 
Affinity. Erprman (1948) suggested a possible angiospermous origin for E. troedssonii. After com- 
parison with fossil and Recent dicotyledonous pollen grains, including those of Eucommia ulmoides O iv. 
with which Erprman originally compared E. troedssonii, the writer (1956) suggested that E. troedssonii 
could possibly be a gymnospermous pollen grain with the broad distal sulcus of such grains, together 


with two minor “colpi” on the proximal surface. The evidence for the above statement is given in detail 
below. 


Statistical Analysis of Eucommiidites troedssonii 


Through the courtesy of Professor T. M. Harris, the writer had the opportunity of examining a slide 
sent by Dr. G. Erprman to Professor Harris, containing many hundreds of specimens of E. troedssonii 
from Lower Jurassic shale at Palsjo in north-west Scania. ErpTMAN (1948, p. 265) commented on E. troeds- 
soni as follows: “Pollen grains of a dicotyledonous type do occur, which — in the light of our present 
knowledge — cannot be confused with spores of mosses and ferns, nor with pollen grains shed by gymno- 
sperms or monocotyledons. There is thus no option but to assume that dicotyledonous plants, or at least 
plants with pollen grains of a type which according to our present knowledge is only found among 
dicotyledonous plants, existed as far back as early Jurassic times.” 

While actually working on E. troedssonii in ErptTman’s slide, the writer noted a paper by Kuyt, MULLER 
and WATERBOLK (1955) in which doubt was cast upon the dicotyledonous affinity of E. troedssonii, although 
no detailed evidence was given. They commented (p. 59): “At any rate in the case of almost identical 
grains from the Netherlands one of the colpi is longer than the other two and is provided with rounded 
off ends. The distance between the short furrows may be smaller than that between a long and short 
furrow. Finally, the grains are not ellipsoidal but flattened. Accordingly, radial symmetry, which in 
our opinion is a most important feature of dicotyledonous pollens, is absent. The grains can perhaps best 
be considered as monocolpate with two additional furrows on the proximal side.” 

The writer had already come to a similar conclusion, for a main, broad colpus with rounded ends 
can easily be distinguished in most specimens and the asymmetry had been noted. However, the writer 
found no clear indication that the colpi are unevenly spaced around the grain as indicated by Kuyt, 
MÜLLER and WATERBOLK. Evidence of the asymmetrical shape and other unusual features of E. troedssonii 
is set out below. The details of pollen grains used in this investigation for comparison with E. troedssonii 
are: 

Androstrobus manis Harris — slide V 25 899d, British Museum (Natural History), Jurassic, Yorkshire. 
Ginkgo huttonii (STERNBERG) Heer — slide V 27499a, British Museum (Natural History), Jurassic, 

Yorkshire. 

Tricolpites pachyexinus Courer — slide L1, N. Z. Geological Survey collection, Senonian, New Zealand. 
T. pachyexinus — slide L 194, N. Z. Geological Survey collection, Upper Cretaceous, New Zealand. 
Tricolpites matauraensis Courer — slide L 84, N. Z. Geological Survey collection, Upper Eocene, New 


Zealand. 

Eucommia ulmoides Ouıv. — slide 52, Botany School, Cambridge (Sub-Department of Quaternary Rese- 
arch), Recent, China. 

Griselinia sp. — slide 2205, Botany Division collection, Recent, New Zealand. 

Nothopanax arboreum Seem. — slide 1692, Botany Division collection, Recent, New Zealand. 


Study of Shape, Colpi and Orientation of Grains 


Text fig. 11 shows the two positions of orientation on which the measurements set out on Table 11 
were taken. P and E, and E, in positions A and B are direct measurements by an eyepiece micrometer. 
E, and E, are the depths of the grain measured at the equator by means of a calibrated fine focussing 
adjustment. D’ (not shown in Text fig. 11) is the difference in depth between the floor of the centre 
colpus (C — the main colpus in E. troedssonii) and the plane of focus of the two flanking colpi on the 
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opposite side of the grain (C,’ — the subsidiary colpi in E. troedssonit) measured at the equator of the 
grain in position A. Although the centre colpus is shown on the upper surface in Text fig. 11, the measure- 
ment D’ was taken also when this colpus was on the lower surface. The calibration of the fine focussing 
adjustment, given by the makers as 1 « per division was checked by measuring a slide of known thick- 
ness. However, the results obtained in table 11 are valid regardless of the accuracy of calibration. 

Table 12 is an analysis of the orientation of E. troedssonii and a comparison with the orientation of 
monosulcate grains of fossil cycadalean and ginkgoalean species and fossil and Recent tricolpate, dicoty- 
ledonous pollen grains. 


Text fig. 11. Showing the two positions of orientation and the measurements 
obtainable in Positions A and B (see text for full explanation). 


The following points arise from the measurements and observations set out in Tables 11 and 12 and 
from the study of the nature of the colpi of E. troedssonii and gymnospermous and dicotyledonous pollen 
grains. 


(1) Ratios P/E, and P/E, in Dicotyledonous Grains (Table 11) 


As far as is known to the writer, all tricolpate pollen grains of dicotyledonous plants are initially 
symmetrical about their polar axis. That is, the ratio P/E, should be approximately the same as the ratio 
P/E,, and as can be seen from Table 11 these ratios are approximately the same in the Cretaceous, Eocene 
and Recent pollen grains investigated. 


(2) Ratios P/E, and P/E, in Gymnospermous Grains (Table 11) 


There is a marked difference in the ratios P/E, and P/E, in the cycadalean species Androstrobus 
manis and the ginkgoalean Ginkgo huttonii. This is due to the grains being initially asymmetrical about 
their long axis. That is, the proximal-distal axis (E,) is only some 0.85 and 0.89 the length of the axis 
E, in A. manis and G. huttonii respectively, judging by comparison of the average lengths of E, and E.. 


(3) Ratios P/E, and P/E, in E.troedssonii (Table 11) 


Unlike the P/E, and P/E, ratios in the dicotyledonous pollen grains examined, these ratios in 
E. troedssonti are markedly different. By analogy with the grains of A. manis and G. huttonii, this is 
interpreted as being due to the grains being initially asymmetrical about their long axis. The E, axis in 
E. troedssonii is only 0.84 the length of E,, using the average lengths of these axes. This figure corre- 
sponds extremely well with the figures obtained for A. manis and G. huttonii. As an additional check, it 
should be noted that in the only two “Polar” (end on) views seen of E. troedssonii (see Pl. 31, fig. 24) one 
axis is, by direct measurement, 0.75 and 0.85 the length of the other axis. 
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Ratios 


E’;/E, 


Eucommiidites troedssonii 
A — 100 specimens 
B— 50 specimens 
Jurassic 


(1.33) 1.65 (1.68) 2.1 0.18 (0.25) 0.3 0.27 (0.35) 0.4 0.11 (0.33) 0.5 


Androstrobus manis 


A — 100 specimens POS 20) 151.32.1:55)2:0 0.15 (0.2) 0.23 | 0.2 (0.28) 0.35 — 
B— 50 specimens 
Jurassic 
Ginkgo huttonii 
A — 20 specimens ky GI) ale) || arr (GE IS 0.22 (0.25) 0.3 0.22 (0.31) 0.34 — 


B — 10 specimens 
Jurassic 


Tricolpites pachyexinus 
A — 10 specimens 
B— 5specimens 

Senonian 


0.62 (0.77) 0.83 


A — 20 specimens 
B — 20 specimens 
Upper Cretaceous 


ORDRES 1.0 (1.07) 1.3 0.3 (0.37) 0.4 


Tricolpites matauraensis 
A — 25 specimens 
B — 25 specimens 
Upper Eocene 


ID (Glas) ales 1.2 (1.34) 1.45 | 0.35 (0.55) 0.70 | 0.4 (0.55) 0.7 


1.0 (1.16) 1.35 1.1 (1.15) 1.25 | 0.19 (0.26) 0.27 | 0.18 (0.20) 0.22 
0.60 (0.75) 0.80 


Eucommia ulmoides 

A — 50 specimens 

B — 30 specimens 
Recent 


0.65 (0.75) 0.9 


Tricolpites pachyexinus 
Griselinia sp. 


0.29 (0.36) 0.4 0.66 (0.80) 0.88 


1.0 (1.09) 1.3 HOM GE) ee 2 0.6 (0.85) 1.0 0.7 (0.88) 1.0 


A — 25 specimens IOs CDI VO (aD 2-25.5150:751(0:95) 1-0 0.7 (0.95) 1.0 0.75 (0.85) 0.88 
B — 25 specimens 
Recent 
Nothopanax arboreum 
A — 25 specimens HO) (A 1.05 (1.14) 1.2 0.9 (0.96) 1.0 0.95 (0.96) 1.0 0.72 (0.78) 0.82 
B — 25 specimens 
Recent 


Table 11. Analysis of shape of grain and position of colpi. The bracketed number is the average. 


(4) Nature of the Colpiin E.troedssonii 


In 95 per cent of the specimens of E. troedssonii, a main colpus, characteristically rather broad and 
with rounded ends can be distinguished. This main colpus is very similar to the single sulcus of mono- 
sulcate gymnospermous pollen grains (cf. Pl. 31, figs. 23, 25, 27 with Pl. 26, figs. 15, 17). The other two 
colpi of E. troedssonii, although sometimes as long as the main colpus, are generally less well developed 
and in some cases are represented only by a jagged-edged slit in the exine (see Pl. 31, figs. 23, 26). 
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(5) The Colpi of Eucommia ulmoides and other Dicotyledonous Grains 


The pollen grains of E. ulmoides with which Erprman (1948) compared E. troedssonii have, in some 
cases, unequally developed colpi, as pointed out by Erprman. In a count of 100 specimens of E. ulmoides 
made by the writer, it was found that 90 had more or less equally developed colpi. Of the remaining 10 
specimens, 3 had one normal colpus and two short, poorly developed colpi. These specimens are very 
similar in general appearance to E. troedssonii. In the other 7 specimens only one colpus was poorly 
developed. In contrast to the generally broadly rounded ends of the main colpus of E. troedssonii, 
however, the colpi in most specimens of E. ulmoides, like those of all tricolpate dicotyledonous grains 
known to the writer, tend to narrow sharply at the ends. Also, and again in contrast to E. troedssonii, 
they show a poorly developed equatorial pore. 


(6) The Ratio D’/E,’ (Table 11) 


When the writer was examining specimens of E. troedssonii, the first unusual feature noted was 
that there was little difference in focus between the main colpus and the two subsidary colpi, when seen 
in position A. In contrast, the middle colpus of Tricolpites pachyexinus from the Senonian, for example, 
was almost completely out of focus when the plane of focus of the other two colpi was reached. It was 
thought at first that this difference may have been due to E. troedssonii having been more flattened 
overall due to compression than was T. pachyexinus. It can be seen, however, from Table 11 that the 
difference in the depths of focus of the colpi of tricolpate, dicotyledonous grains (shown by the ratio 
D’/E,) remains remarkably constant, regardless of the degree of overall flattening due to compression 
(shown by the ratio E,/E, for example) and is significantly different from that of E. troedssonii. This 
marked difference between the ratio D/E,’ of E. troedssonii and the dicotyledonous pollen grains exa- 
mined, must be independent of the initial asymmetry of E. troedssonii, because the measurement E,’ is 
simply a measurement of the total depth of the grain in both E.troedssonii and the dicotyledonous 
pollen grains. Also, as far as the writer could make out, the three colpi of E. troedssonii are more or less 
equally spaced around the circumference of the grain. The explanation appears to be in the fact that the 
floor of the main colpus is deeply sunken below the general surface of the grain. Such an invagination is 
a characteristic feature of the sulcus of fossil and Recent monosulcate, gymnospermous pollen grains (see 
Pl. 26, fig. 20, which shows this feature in Ginkgo biloba). 


(7) Orientation of Grains (Table 12) 


From Table 12 it can be seen that there is an extremely clear distinction between the preferred orien- 
tation of A. manis, G. huttonii and E. troedssonii on the one hand, and the fossil and Recent dicotyledonous 
pollen grains on the other. E. troedssonii is orientated on the slide in exactly the same fashion as the 
gymnospermous grains because of its similar initial shape (flattened along its long axis) and its one main 
colpus (like the sulcus of the gymnospermous grains) along which it would readily collapse. Both these 
features would favour final orientation along the long axis in preparations. 


Conclusions. Although some specimens of E.troedssonii show a remarkable resemblance to 
dicotyledonous pollen grains and in particular to Eucommia ulmoides, it differs from tricolpate pollen 
grains of dicotyledonous plants in three important respects; 


(a) From points 1, 2 and 3 above, it can be seen that the shape is similar to that of monosulcate, 
gymnospermous pollen grains, being asymmetrical about its long axis and is quite different from the 
symmetrical tricolpate grains of dicotyledonous plants. Like Kuyt, Mutter and Warersoix (1955) the 
writer considers the radial symmetry in polar view of tricolpate, dicotyledonous pollen grains to be a 
fundamental and essential feature. 


(b) An invaginated, broad, main colpus with rounded ends can be distinguished in most specimens 
of E. troedssonii. This colpus is similar in nature to the single sulcus of monosulcate, gymnospermous 
grains and is unlike the colpi of dicotyledonous pollen grains (ponts 4, 5 and 6 above). 
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Oblique Direct 
End View End View 
Position A PositionB (Oblique Polar) (Direct Polar) 
0/0 0/0 0/0 0/0 

Eucommiidites troedssonü ..... (654) 72.0 24.0 3.7 0.3 
Jurassic 

Androstrobus manis ......... (100) 77.0 19.0 3.0 1.0 
Jurassic 

(CHRO CO ORAL & come Galo b 6 5.0 OMe (50) 73.0 23.0 4.0 — 
Jurassic 

MICOLDUESIDACRUELULUS EEE (25) 23.0 7.0 27.0 43.0 
Senonian 

Tricolpites pachyexinus ....... (50) 28.0 16.0 14.0 42.0 
Upper Cretaceous 

Tricolpites matauraensis ...... (100) 33.0 15.0 14.0 38.0 
Upper Eocene 

Eucommia ulmoides ......... (100) 34.0 19.0 14.0 33.0 
Recent 

GTUSCHIVIG.SD ER ces sie Pues are (100) 37.0 20.0 9.0 34.0 
Recent 

Nothopanax arboreum ....... (100) 36.0 28.0 8.0 28.0 
Recent 


Table 12. Analysis of orientation. 


(c) Study of the orientation of E. troedssonii shows that it behaves in exactly the same way as mono- 
sulcate, gymnospermous grains but in a markedly different fashion from tricolpate, dicotyledonous 
grains. 

Thus, there would appear to be serious doubt as to the dicotyledonous affinity of E. troedssonii. It 
seems at least as likely that it may be fundamentally a monosulcate pollen grain of possible gymnosper- 
mous affinity, having two subsidary furrows on the proximal side. 


Appendix A - Location of Samples 


The samples are listed in numerical order under headings of the beds from which they were collected. 
Those collected by the writer have the same field and preparation (slide) number and are prefixed by “C”. 
Other samples which were also allotted “C’” numbers, were collected (unless otherwise stated) by Mr. 
N. F. Hucues, Sedgwick Museum, whose original field numbers are given in this appendix. 

Grid references for all Yorkshire samples are taken from Ordnance Survey 6” Series sheets. 


Lower Lias (Brora district) 


C106 = B3. Blackish shale, immediately below thick white sandstone (Bed 1 of LEE 1925); foreshore in front of Dun- 
robin Castle. Nat. Grid Ref. 29/856 008. 
C107 =B 4. Dark micaceous shale (Bed 4 of LEE); same locality as C 106. 
Upper lias (Whitby, Yorkshire) 
C70; Blackish shale, 2 ft. below Dogger at Railhole Bight, near Whitby. Grid Ref. 910 113. 
(GTA Jet Rock, from wave-cut platform, beneath alum quarry, Saltwick Bay. Grid Ref. 915 112. 
(CPE Blackish ammonitic shale, immediately below Dogger, 100 yds. S.E. of Saltwick Nab. Grid Ref. 915 112. 


Lower Deltaic Series (Whitby, Yorkshire) 


C63. 3 ft. band of black, papery shale, immediately overlying Dogger at base of cliff, east of Whitby. Grid 
Ref. 908 113. 


C 66. 


C 35. 


C 41. 


C 44. 


C 46. 


C 47. 


C 26. 
C 27. 


C 28. 


C 30. 
C 31. 
C 32. 
C 33. 
C 34. 


C3: 
C 4. 
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Dark grey, carbonaceous shale, with abundant Equisetum, about 10 ft. above first hard sandstone band in 
cliff and about 30 ft. above Dogger. Same locality as C 63. 


Lower Deltaic (Blea Wyke to Iron Scar, Yorkshire) 


Dark grey, carbonaceous siltstone, immediately below Eller Beck Bed, about 30 yds. N. W. of Iron Scar. 
Grid Ref. 016 964. 

Black, papery shale at base of cliff, south side of Hayburn Wyke and stratigraphically above massive 
sandstone forming waterfall at Hayburn Wyke; about 60 ft. below Eller Beck Bed. Grid Ref. 012 969. 
Dark grey, Equisetum-rich shale, base of cliffs at end of path down cliff from Ravenscar; 8 ft. above 
Dogger. Grid Ref. 993 012. 

Black, Equisetum-rich papery shale, base of cliff, 150 yds. S. of Petard Point; about 50 to 70 ft. below Eller 
Beck Bed. Grid Ref. 009 982. 

Black Equisetum-rich paper coal, base of cliffs, about same horizon as C 46 and 75 yds. S. along strike. 
Grid Ref. 009 981. 


Sycarham Beds (Iron Scar to Cloughton Wyke, Yorkshire) 


Dark grey, silty mudstone, immediately below Millepore Bed. Grid Ref. 021 955. 

Medium grey, carbonaceous siltstone (Pagiophyllum connivens Bed of T. M. Harris) immediately below 
Millepore Bed. Grid Ref. 021 956. 

Dark grey, silty mudstone (Otazamites beani Bed of T. M. Harris), about 25 ft. below Millepore Bed. 
Grid Ref. 020 959. 

Dark grey siltstone, about 15 ft. below C 28 and approximately same locality. 

Dark grey, carbonaceous mudstone, 16 ft. above Eller Beck Bed. 

Dark grey, carbonaceous mudstone, 9 ft. above Eller Beck Bed. 

Dark grey, carbonaceous shale, with coaly layers, 6 ft. above Eller Beck Bed. 

Bluish-grey, carbonaceous shale, with comminuted plant fragments, 1 ft. above Eller Beck Bed. (Samples 
C 31 to 34 are exposed above the wave-cut platform of the Eller Beck Bed, called Iron Scar on topo- 
graphic map. Grid Ref. 017 964.) 


Gristhorpe Beds (Cloughton Wyke, Yorkshire) 


Black, papery shale (main Cloughton plant bed) exposed between tides at Cloughton Wyke. Grid 
Ref. 020 951. 

Blackish, papery shale, same horizon approximately as C 20, base of cliff 100 yds. N. along strike from 
C 20. Grid Ref. 021 953. 

Blackish shale, 6 to 8 ft. below C 21, approximately same locality. 

6 inch, black, carbonaceous shale, with coaly layers. 

1 ft. coaly bed, immediately below C 23. 

6 inch, dark grey, carbonaceous shale, 1 ft. below C 24, containing Neocalamites (T. M. Harris pers. comm.). 
(Samples C 23 to 25 are from the “Quinqueloba Bed and coal” of Fox StranGways and Barrow 1892. Grid 
Ref. 021 954.) 

Dark grey, carbonaceous shale, at petrifying spring at head of Cloughton Wyke, 6 to 8 ft. above main 
Cloughton plant bed. Grid Ref. 021 954. 

Medium grey, faintly carbonaceous, silty mudstone, 6 ft. above C 48 and at same locality. 

Dark grey, carbonaceous siltstone, 10 ft. above C 49 and at same locality. 


Dark grey, carbonaceous mudstone, immediately below 10 ft. massive sandstone band at base of Scar- 
borough Beds. Grid Ref. 020 949. 


Thin, dark grey, carbonaceous mudstone band, immediately below Scarborough Beds, same locality 
as C 51. 


Gristhorpe Beds (Yons Nab, Yorkshire) 
Dark grey, micaceous, shaly mudstone, at base of cliffs, 100 yds. W. of Yons N ab, about 20 ft. above 
Millepore Bed. Grid Ref. 082 842. 


Dark grey, micaceous, shaly mudstone, base of cliffs, Yons Nab; about same horizon as C1. Grid Ref. 
084 841. 


Dark grey, carbonaceous silt, 8 ft. above C 2 and same locality. 
Dark grey, carbonaceous silt, 10 ft. above C 3 and same locality. 
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C7 and C9. Blackish, carbonaceous mudstone, 12 ft. above Millepore Bed at Yons Nab, samples from same bed and 
about 20 yds. apart along strike. Grid Ref. 084 842. 
(X Dark grey, carbonaceous mudstone, with small, fresh water shells. 1 ft. above Millepore Bed and same 


locality as C 7. 
C16 = Gristhorpe 2 (T. M. Harris). Dark grey, shaly mudstone, about same locality and horizon as C 1. 


Upper Deltaic Series (Yons Nab and Gristhorpe Bay) 


5. Lens of dark grey, fine sandstone with coaly layers in cross-bedded sandstone, base of cliff 150 yds. S.E. 
of Yons Nab. Grid Ref. 084 840. 

C6. Medium grey, carbonaceous mudstone immediately overlying Scarborough Beds, 75 yds. S. of Yons Nab. 
Grid Ref. 084 840. 

10: Finely banded, carbonaceous sandstone and siltstone, base of cliff at Gristhorpe Bay, about 60 ft. below 
top of Deltaic Series. Grid Ref. 094 835. 

Cabe Medium grey, silty mudstone, overlying prominent sandstone band in cliff at Gristhorpe Bay; about same 
horizon as C 10, or probably a little higher. Grid Ref. 090 835. 

@73: Medium grey, micaceous, fine sandstone at S.E. end of Gristhorpe Bay about 15 to 20 ft. below top of 
Deltaic Beds. Grid Ref. 095 836. 

City Light grey, faintly carbonaceous siltstone, in cliff, immediately below Callovian marine beds. Grid Ref. 
089 836. 


Upper Deltaic Series (Cloughton Wyke to Scalby Ness) 


C 54. Lens of dark grey, silty mudstone in cross-bedded sandstone and mudstone, immediately above Moor 
Grit, near BLack’s (1929) Channel A. Grid Ref. 029 940. 

55) Light grey, faintly carbonaceous, fine sandstone and siltstone with ironstone concretions, at BLAck’s 
Channels B and C. Grid Ref. 028 936. 

156. Light grey, faintly carbonaceous mudstone, about 8 ft. above C 55. Grid Ref. 028 935. 

297. Dark grey, micaceous, well bedded siltstone, about same horizon as C 56; exposed between tides, almost 
opposite steps leading to beach. Grid Ref. 027 934. 

E58. Medium grey siltstone, with fragmentary plants, immediately below “footprint bed” (WiLson, HEMINGWAY 
and BLACK 1934). Grid Ref. 027 933. P 

C59. Dark grey, carbonaceous siltstone, 25 yds. N. of BLack’s Channel G. Grid Ref. 034 913. 

C 62. Dark grey, carbonaceous siltstone with plant fragments, immediately above massive sandstone at un- 


named buried channel at Scalby Ness. Grid Ref. 036 912. 


Lower Estuarine Series (Great Weldon) 


C147=—N9. Black, carbonaceous mudstone, below Lincolnshire Limestone at Great Weldon, near Kettering. Grid 
Ref. (Sheet 171, 1” New Series, Geol. Surv.) 918 890. 


Upper Estuarine Series (Stamford) 


CAP 0=— Ni IT: Dark grey, carbonaceous mudstone, 22 ft. above Lincolnshire Limestone at Williamson Cliff Brickworks, 
Stamford. Grid Ref. (Sheet 123, 1” Topographic Series) 020 081. 

C121 = N 12. Medium grey, carbonaceous mudstone, 19 ft. above Lincolnshire Limestone, same locality as C 120. 

6122 — N 13: Dark grey carbonaceous mudstone, 4 ft. above Lincolnshire Limestone, same locality as C 120. 


Upper Estuarine Series (Cambridge Observatory Borehole) 


C 85 = O.B. 367 ft. Dark grey, carbonaceous silt with plant fragments. 

C 86 = O.B. 370.5 ft. Dark grey, carbonaceous silt with plant fragments. 

C 87 = O.B. 374 to 376 ft. Dark grey, carbonaceous silt with plant fragments. 
C 88 = O.B. 377 to 378 ft. Dark grey, carbonaceous silt with plant fragments. 
C 90 = O.B. 365.5 ft. Dark grey, carbonaceous silt with plant fragments. 

C 91 = O.B. 368 ft. Dark grey, carbonaceous silt with plant fragments. 


Estuarine Series (Brora) 


C100 = B 14. Top 18 inches of Brora coal, Brora Mine, about 200 yds. N.E. of shaft, down main haulage way. 


C101 — B15. Lower 1 ft. of Brora coal, same locality as C 100. 
C 104 = B13. Parrot Shale, 1 ft. sample, immediately below Brora coal, same locality as C 100. 


C114=B26. 
SSG S183 A 
CHI T T8 
Can, 

E03 eB ite 
CHS Bis: 
sh) = 132A. 
C 112 = B 40. 
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Dark grey to bluish-grey papery shale, exposed at low tide, 10 yds. from Brora Roof Bed, S. of Brora. 


Nat. Grid Ref. 29/905 032. 
Dark grey papery shale, low water mark, 30 yds. from Brora Roof Bed, a little below C 114. 


Great Estuarine Series (Skye) 


(of J. D. Hupson). Fine carbonaceous sandstone from base of white sandstone, about 50 ft. above garan- 
tiana zone, Fiurnean Cliff, Trotternish. Nat. Grid Ref. 24/517 495. 


Oxford Clay (Brora and Yorkshire) 


Light grey, slightly calcareous shale (Oxford Clay) about 20 ft. above Deltaic Series, in cliff at Gristhorpe 
Bay. Grid Ref. 089 836. 

Dark grey ammonitic shale (Oxford Clay), in Brora River at bluffs, '/2 mile W. of Brora Mine. Nat. Grid 
Ref. 29/889 039. 


Kimeridge Clay (Brora district) 


Dark grey, carbonaceous shale, above prominent 10 ft. sandstone band, Loth Station Bay, N. of Lothbeg 
Point. Nat. Grid Ref. 29/965 100. 

Dark grey, carbonaceous shale, West bank of Gartymore Burn, 30 yds. N. of road bridge, Pt. Gower. 
Dark grey papery shale, on shore 600 yds. E.N.E. of Navidale House, near Helmsdale, highest Kimeridge 
beds sampled. 


Purbeck Beds (Dorset) 


C 153 = Purbeck 2. Medium grey siltstone with ostracods, from “Plant and Insect Bed”, classed as Lower Purbeck, just 


below Lower Building Stone; near Swanage, Dorset. See ARKELL (1947, p. 136). 


C 154 = Purbeck 4. Medium grey, shaly siltstone, with ostracods, from shaly beds, classed as Middle Purbeck, in Upper 


(Cova == ita 
C 134 = M2. 
C135 > MI. 
Cr: 

C 14. 

C 15. 

(© UB = el Lily 
(CAS) ser 


(CUBS S Jel aie, 


C 132 = Bb 1830 


Building Stone; near Swanage, Dorset. See ARKELL (1947, p. 136). 
Purbeck Beds (Wealden district) 


Medium to dark grey, shaly mudstone, with sparse ostracods, Mountfield Gypsum Mine, near Battle, 
Sussex; 15’ above the main Blues Limestone. 

Dark grey siltstone, with ostracods; same locality as C 127, stratigraphically 15’ higher. 

Medium grey, fine siltstone with sparse ostracods, stratigraphically 15’ above C 134; same locality. 

The above samples from the Mountfield Gypsum Mine are probably Middle and Upper Purbeck in Age. 


Fairlight Clay (Wealden) from Hastings district 
Dark grey, carbonaceous siltstone lens in grey blocky siltstone, group d of Wuire (1928); 4 ft. off beach 
and 200 yds. E.N.E. of Warren Glen, Covehurst Bay, near Hastings. Nat. Grid Ref. 51/860 108. 
Medium to dark grey carbonaceous siltstone with plant fragments, immediately below prominent 3 ft. 
yellowstained sandstone band, group d of Wuire (1928); stratigraphically below C 12; 500 yds. W. from 
Lee Ness Ledge. Nat. Grid Ref. 51/861 108. 
Lignitic, fine sandstone and finely banded carbonaceous siltstone, group a of White (1928); stratigraphi- 
cally below C 14; base of cliff, almost at axis of anticline. Nat. Grid Ref. 51/872 113. 
Medium to dark grey siltstone, upper part of Fairlight Clay (highest sampled); 200 yds. E. of Eccles- 
bourne Glen. Nat. Grid Ref. 51/838 099. 


Ashdown Sand (Hastings district) 
Medium grey siltstone with plant fragments, Cliff End, E. of Hastings. Beds classed as Middle Ashdown 
Sand. Nat. Grid Ref. 51/886 127. 

Wadhurst Clay (Hastings district) 


Light grey siltstone with plant fragments; Cooden Beach, Bexhill, E. of Hastings. Grid Ref. (Hastings 1” 
Sheet, No. 320) 716 064. 


? Tunbridge Wells Sand (Horsham, Sussex) 


of Geological Survey, London. Light grey siltstone with plant fragments; from Whites Bridge Borehole, 
near Horsham, Sussex, depth 139 to 142 ft., believed to be Tunbridge Wells Sand. 
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Wealden Marls (Isle of Wight) 


C 18 = S 47. Light to medium grey, fine siltstone; from upper part of Wealden Marls (Bed 11 of Wire 1921, p. 12) 
exposed in cliffs of Compton Bay, north of Small Chine fault which repeats the Wealden succession. 


139 = S18. Medium brown-grey siltstone with plant fragments; upper part of Wealden Marls at Yaverland, near 
Sandown. Nat. Grid Ref. 40/616 852. 


Wealden Shales (Isle of Wight) 


ots = S 37; Medium brownish-grey siltstone with plant fragments; lower part of Wealden Shales, Shepherds Chine, 
Atherfield. Nat. Grid Ref. 40/445 797. 


Wealden Marls (Dorset) 


C 124 = W 8. Medium grey siltstone with plant fragments, Worbarrow Bay, middle of Bed 28 (ARKELL 1947, p. 157). 
C125=SW3. Medium grey siltstone with plant fragments; upper part of Wealden Marls, just below base of Wealden 
Shales, N. of Ravine, Swanage Bay (Arkeıı 1947, p. 155, fig. 56). 


C148 = W 5. Light grey siltstone with plant fragments; Worbarrow Bay (same bed and approximately same locality 
as C 124). 


?Wealden Clay (Brabourne Borehole) 


C131 = © 2518 of Geological Survey, London. Medium grey mudstone with ostracods, sample taken from 300 to 400 ft. 
Brabourne Borehole and classed as Wealden Clay; for location, see LaMrLucx and Kircuin (1911, p. 37). 


Wealden (Kingsclere Borehole) 


C 128 = K 475. Medium grey siltstone with plant fragments and thin lenses of coalified wood; from depth of 475 ft. 
Kingsclere No. 1 Borehole (LEEs and Tarrr 1945, p. 258). 

C133 = K 777. Dark and light grey siltstone, with disturbed bedding; Kingsclere No. 1 Borehole, depth 777 ft. (see LreEs 
and Taitr 1945, p. 258). 


Sandrock Series, Lower Greensand (Isle of Wight) 


C138=S4. Fine carbonaceous sandstone; base of Sandrock Series at Blackgang Chine. Nat. Grid Ref. 40/484 768. 

C155 = S 53. Dark grey, fine sandstone (rather weathered); top of Sandrock Series, Monks Bay, near Ventnor. Nat. 
Grid Ref. 40/579 780. 

€ 157 = S56. Blackish-grey fine sandstone with thin bands of grey sandstone; 18 ft. below top of Laminated Series in 
Sandrock Series, Compton Bay. Nat. Grid Ref. 40/366 853. 

C 158 =.S 57. Dark grey, slightly micaceous and carbonaceous, fine sandstone; same locality and 15 ft. lower in same 
series as C 157. 

C159 = S 72. Blackish-grey fine sandstone; from the green clay grit of Sandrock Series, mouth of Luccombe Chine, 
Ventnor. Nat. Grid Ref. 40/583 793. 


Appendix B - List of illustrated specimens 


All illustrated specimens are listed alphabetically and plate and figure number, slide and Sedgwick 
Museum Specimen number and mechanical stage reading and the photographic negative number (in 
brackets) of each specimen is given. Holotype specimens are shown in italics. 


Abietineaepollenites dunrobinensis n. sp.; Pl. 29, fig. 1 — C 107/6, K 5046, 38.0, 111.2 (66/41); fig. 2 — C 107/5, K 5045, 30.4, 
108.2 (66/40). à 

Abietineaepollenites microalatus R. Por.; Pl. 28, figs. 11, 12 — C 128/10, K 5098, 45.5, 103.0 (66/30, 31); fig. 13 — C 128/10, 33.3, 
110.3 (66/32). 

Abietineaepollenites minimus n. sp.; Pl. 28, figs. 14, 15 — C 128/10, K 5097, 50.3, 102.2 (66/33, 34). 

Androstrobus manis Harris; Pl. 26, figs. 15, 16 — V 25 899d (B.M.N.H.), 44.2, 102.7 (63/39); 46.2, 109.4 (63/38). 

Androstrobus wonnacotti Harris; Pl. 26, figs. 17, 18 — V 25 850a (B.M.N.H.), 49.3, 106.1 (35/11); 47.9, 106.3 (35/12). 

Anemia colwellensis CHANDLER; Pl. 17, fig. 1 — A 4/1, K 5123 a, 29.8, 103.6 (64/44); fig. 2 — A 4/1, K 5123 b, 34.7, 109.6 (64/43); 
fig. 3 — A 4/1, K 5123 c, 32.7, 101.6 (64/45). 

Anemia phyllitidis (L.) Swartz (Recent); Pl. 16, fig. 11 — R 181/2, L 838 a, 39.8, 96.4 (65/8); fig. 12 — R 181/2. L 838 b, 39.6, 95.9 
(65/6); fig. 13 — R 181/2, L 838 c, 38.2, 96.3 (65/7). 


Palaeontographica. Bd. 103. Abt. B. 22 
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Appendicisporites tricornitatus WEYLAND and GREIFELD; Pl. 17, fig. 7 — C 148/1, K 5064, 37.1, 106.2 (64/21); figs. 8, 9 — C 131/7, 
K 5105, 36.8, 100.4 (62/19, 20). 

Araucariacites australis Cooxson; Pl. 27, fig. 3 — C 9/1, K 967, 43.7, 112.2 (67/5); fig. 4 — C 33/4, K 997, 52.5, 98.6 (66/15); fig. 5 
— C 124/2, K 5070, 37.5, 110.5 (66/14). 

Ascarina lucida Banks and SoLanpER (Recent); Pl. 31, figs. 15—18 — slide 318 (N.Z.D.S.I.R.), 45.4, 106.4 (68/20); 43.6, 109.6 
(68/23, 24). 

Brachyphyllum mamillare Broncn.; Pl. 27, fig. 1 — V 27 554a (B.M.N.H), 41.3, 106.8 (63/40); fig. 2 — V 27 554a (B.M.N.H.), 
36.3, 102.4 (66/16). 

Calamospora mesozoica n. sp.; Pl. 15, fig. 3 — C 2/6, K 954, 37.9, 110.1 (62/40); fig. 4 — C 33/4, K 998, 56.7, 95.2 (62/39). 

Caytonanthus arberi (Tuomas) Harris; Pl. 26, fig. 1 — V 25903g (B.M.N.H.), 40.0, 100.5 (63/6); figs. 2—6 — V 29 469 
(B.M.N.H.), 41.2, 103.8 (63/12); 28.1, 103.1 (35/1); 27.3, 100.7 (34/48); 28.6, 102.2 (34/47); 41.4, 99.8 (63/8). 

Caytonipollenites pallidus (REISSINGER) n. gen. and n. comb.; Pl. 26, fig. 7 — C 16/1, K 970, 39.6, 112.2 (68/32); fig. 8 — C 138/6, 
K 5108, 28.9, 114.1 (68/33). 

Cheiropleuria bicuspis (BL.) Presı. (Recent); Pl. 21, fig. 1 — R 182/1, L 839 a, 36.7, 103.2 (64/40); fig. 2 — R 182/1, L 839 b, 38.6, 
106.5 (64/41). 

Cicatricosisporites brevilaesuratus n.sp.; Pl. 18, fig. 1 — C 128/9, K 5085, 45.8, 106.1 (64/28); fig. 2 — C 128/9, K 5088, 39.4, 110.3 
(64/29); fig. 3 — C 128/9, K 5089, 48.8, 102.2 (64/27). 

Cicatricosisporites dorogensis R. Por. and GELL.; Pl. 17, fig. 10 — C 18/4, K 5065, 30.1, 113.1 (64/25); fig. 11 — C 124/2, K 5071, 
30.9, 112.8 (64/22); fig. 12 — C 18/1, K 5060, 40.2, 94.5 (64/26). 

Cicatricosisporites dunrobinensis n. sp.; Pl. 17, figs. 13, 14 — C 106/1, K 5038, 37.1, 101.3 (62/16, 17); fig. 15 — C 106/2, K 5132, 
28.9, 94.6 (62/18). 

Cingulatisporites complexus n. sp.; Pl. 24, fig. 1 — C 124/2, K 5069, 48.2, 105.5 (61/47); fig. 2 — C 124/2, K 5072, 44.4, 112.5 (62/3). 

Cingulatisporites foveolatus n. sp.; Pl. 24, figs. 8, 9 — C 138/6, K 5107, 49.2, 104.4 (62/11, 12); fig. 10 — C 138/6, K 5109, 46.0, 
107.9 (62/8). 

Cingulatisporites dubius n. sp.; Pl. 24, figs. 3, 4 — C 73/1, K 5020, 42.3, 94.6 (61/34, 35); fig. 5 — C 73/2, K 5023, 42.6, 110.6 (61/36). 

Cingulatisporites problematicus n. sp.; Pl. 24, fig. 11 — C 27/7, K 981, 48.2, 101.4 (61/29); fig. 12 — C 56/1, K 5016, 35.0, 108.3 
(61/31); fig. 13 — C 8/6, K 966, 58.5, 111.2 (61/28). 

Cingulatisporites pseudoalveolatus n. sp.; Pl. 25, fig. 5 — C 50/5, K 5012, 51.2, 100.0 (45/50); fig. 6 — C 52/1, K 5014, 38.7, 112.9 
(45/39). 

Cingulatisporites rigidus n.sp.; Pl. 25, fig. 1 — C 106/3, K 5042, 44.5, 101.5 (61/42); fig. 2 — C 106/1, K 5039, 31.3, 111.4 (61/41). 

Cingulatisporites scabratus n.sp.; Pl. 25, fig. 3 — C106/2, K 5130, 28.2, 103.5 (68/10); fig. 4 — C 106.5, K 5044, 45.3, 105.0 
(68/12). 

Cingulatisporites valdensis n. sp.; Pl. 24, fig. 6 — C 131/6, K 5102, 52.9, 101.2 (61/32); fig. 7 — C 18/1, K 5061, 27.9, 101.3 (61/33). 

Classopollis torosus (REISSINGER) n. comb.; Pl. 28, figs. 2—5 — C 27/7, K 982—985, 28.3, 98.6 (65/30); 45.8, 110.2 (65/31); 45.3, 
110.4 (65/32); 30.0, 111.6 (65/28); fig. 6 — C 127/5, K 5052, 40.2, 109.5 (65/34); ig. 7 — C 7/6, K 965, 53.2, 113.9 (65/33). 

Clavatipollenites hughesii n. sp.; Pl. 31, figs. 19, 20 — C 124/2, K 5073—5074, 44.8, 113.2 (67/37); 36.4, 108.1 (67/38); figs. 21, 22 
— C 128/9, K 5087, 35.8, 114.2 (67/36). 

Concavisporites punctatus DEL. and Sprum.; Pl. 22, fig.1 — C 124/2, K 5075, 48.2, 113.0 (62/31); fig. 2 — C 124/2, K 5076, 43.7, 
103.7, (62/33); fig. 3 — C 124/2, K 5077, 50.6, 102.2 (65/12). 

Concavisporites subgranulosus n. sp.; Pl. 22, fig. 6 — C 4/2, K 959, 48.1, 106.3 (61/16). 

Concavisporites variverrucatus n. sp.; Pl. 22, fig. 4 — C 124/2, K 5068, 36.0, 114.0 (61/15); fig. 5 — C 127/4, K 5134, 51.2, 103.7 
(44/2). 

Coniopteris hymenophylloides (Broncn.); Pl. 20, fig. 5 — A 7/1, K 5121 a, 44.6, 110.6 (63/4); fig. 6 — A 7/1, K 5121 b, 41.6, 111.9 
(63/5). 

Coniopteris tatungensis Sze.; Pl. 20, fig. 7 — V 29 235 (B.M.N. H.), 41.9, 101.1 (63/14). 

Cunninghamia lanceolata (LAMBERT) Hoox. f. (Recent); Pl. 27, fig. 6 — T. M. Harris preparation, specimen L 842, 42.6, 112.7 
(66/1). 

Cyathea pubescens METT. ex Kuun. (Recent); Pl. 20, fig. 1 — L 832b—d, 52.2, 102.2 (36/17); fig. 2 — L 382 b—d, 36.3, 95.5 (36/23). 

Cyathidites australis Courer; Pl. 20, fig. 8 — C 131/6, K 5103, 52.5, 107.1 (62/36). 

Cyathidites minor Courer; Pl. 20, fig. 9 — C 44/1, K 5005, 37.3, 110.3 (62/41); fig. 10 — C 88/2, K 5031, 50.4, 92.4 (62/43). 

Dacrydium cupressinum SoLanp. ex Forst. f. (Recent); Pl. 29, figs. 3, 4 — slide 2314 (N. Z.D.S.1.R.), 33.1, 99.7 (67/10, 11). 

Densoisporites perinatus n. sp.; Pl. 23, figs. 6, 7 — C 27/9, K 989, 41.5, 95.1 (61/23, 24); fig. 8 — C 27/9, K 990, 45.5, 105.4 (61/25); 
fig. 9 — C 10/3, K 969, 25.9, 99.5 (61.26). 

Dicksonia mariopteris WıLson and Yates; Pl. 20, fig. 3 — V 31 079 (B.M.N.H.), 32.6, 107.1 (34/1). 

Dictyophyllidites harrisii n. sp.; Pl. 21, fig. 6 — C 20/3, K 973, 42.1, 101.3 (64/36); fig. 5 — C 48/8, K 5011, 39.7, 107.8 (64/37). 

Dictyophyllum rugosum L. and H.; Pl. 21, fig. 3 — A 8/3, K 857 d, 31.5, 101.5 (63/22); fig. 4 — A 8/3, K 857 e, 35.9, 97.8 (63/21). 

Eboracia lobifolia (PnıLL.) Tuomas; Pl. 20, fig. 4 — V 31 092a (B.M.N. H.), 39.8, 102.6 (63/2). 
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Elatides williamsonii (Broncn.) NATHoRsT; Pl. 27, fig. 7 — preparation by T. M. Harris from V 28 481 (B.M.N.H.), 33.0, 99.0 
(66/5); fig. 8 — 30.1, 100.6 (66.7). 

Eucommiidites troedssonii Erprman; Pl. 31, figs. 23, 24 — preparation by Dr. G. ERDTMAN, K 5057—5058, 36.1, 108.8 (43/2); 
48.8, 99.7 (43/5); fig. 25 — C 21/3, K 978, 35.3, 106.5 (67/43); fig. 26 — C 104/2, K 5035, 46.0, 104.8 (67/42); fig. 26 — C 27/7, 
K 986, 47.4, 101.3 (68/28). 

Foveotriletes irregulatus n. sp.; Pl. 22, fig.9 —C 109/2, K 5047, 32.3, 113.4 (67/19); fig. 10 — C 109/2, K 5048, 40.5, 99.0 (67/21). 

Foveotriletes microreticulatus n. sp.; Pl. 22, fig. 7 — C 57/1, K 5017, 44.6, 96.7 (45/34); fig. 8 — C 57/2, K 5018, 33.3, 108.3 (45/33). 

Ginkgo biloba Linn. (Recent); Pl. 26, figs. 19, 20 — R 10/3, L 834 a, b, 43.3, 101.2 (68/29); 49.8, 103.2 (68/31). 

Ginkgo huttonii (STERNBERG) HEER; Pl. 26, fig. 21 — V 27 499a (B.M.N.H.), 43.1, 105.4 (68/5). 

Gleichenia circinata Swartz; Pl. 19, figs. 11, 12 — slide 2486 (N.Z.D.S.I.R.), 35.4, 97.8 (34/34, 35). 

Gleicheniidites senonicus Ross; Pl. 19, fig. 13 — C 27/9, K 991, 52.3, 102.3 (64/9); fig. 14 — C 131/7, K 5139, 36.4, 99.2 (64/11); 
fig. 15 — C 88/1, K 5030, 36.1, 113.3 (64/10). 

Isoetes alpinus T. Kırk (Recent); Pl. 15, fig. 5 — slide 1612 (N.Z.D.S.I.R.); stage reading not recorded (34/40). 

Klukia exilis (PuırLırs) Racısorskı; Pl. 19, figs. 2, 3 — A 5/2, K 5119 a, 43.9, 99.7 (34/16, 17). 

Klukisporites pseudoreticulatus n. sp.; Pl. 19, figs. 8, 9 — C 134/3, K 5054, 50.9, 103.8 (44/39); fig. 10 — C 124/2, K 5078, 43.2, 
108.3 (61/43). 

Klukisporites variegatus n. sp.; Pl. 19, ig.7 — C 47/1, K 5007, 36.1, 103.4 (64/30); fig. 6 — C 25/5, K 979, 34.4, 95.5 (64/31). 

Leptolepidites major n. sp.; Pl. 21, fig. 7 — C 28/5, K 993, 53.7, 101.7 (61/2); fig. 8 — C 5/6, K 961, 45.3, 99.6 (61.1). 

Lycopodiumsporites cerniidites (Ross) DEL. and Sprum.; Pl. 15, figs. 6, 7 — C 106/3, K 5043, 31.2, 112.7 (61/6, 7); figs. 8, 9 — 
C 122/3, K 5049, 52.5, 97.9 (61/8, 9). 

Lycopodiumsporites clavatoides n. sp.; Pl. 15, figs. 10, 11 — C106/2, K 5129, 33.2, 107.0 (45/9, 61/3); figs. 12, 13 — C 52/1, 
K 5015, 42.3, 108.7 (61/4, 5). 

Lycopodiumsporites gristhorpensis n. sp.; Pl. 15, figs. 14, 15 — C 1/6, K 953, 36.1, 110.3 (45/41, 42); fig. 16 — C 73/2, K 5024, 
50.4, 101.3 (45/43). 

Lygodioisporites perverrucatus n.sp.; Pl. 23, fig. 4 — C 87/3, K 5029, 32.5, 106.0 (62/13); fig. 5 — C 87/1, K 5028, 57.5, 103.7 
(62/14). 

Lygodium articulatum A. Ricu. (Recent); Pl. 19, fig. 1 — slide 1061 (N.Z.D.S.I.R.), 36.4, 102.8 (67/6). 

Marattia salicina Situ (Recent); Pl. 15, figs. 17, 18 — slide 2709 (N. Z.D.S.I.R.); stage reading not recorded. 

Marattiopsis anglica Tuomas; Pl. 15, fig. 19 — A 3/1, K 5118, 40.2, 104.9 (34/22). 

Marattisporites scabratus n. sp.; Pl. 15, fig. 20 — C 44/1, K 5004, 51.2, 94.3 (62/23); fig. 21 — C 33/4, K 999, 46.4, 97.2 (65/25); 
fig. 22 — C 3/1, K 958, 35.4, 110.7 (62/25); fig. 23 — C 104/2, K 5036, 32.8, 104.4 (66/18). 

Matonia pectinata R. Br. (Recent); Pl. 20, fig. 11 — R 180/1, L 837 a, 47.7, 97.6 (67/17); fig. 12 — R 180/1, L 837b, 41.7, 94.7 (67/16). 

Matonisporites equiexinus n. sp.; Pl. 20, fig. 13 — C 5/5, K 960, 34.5, 98.7 (65/7); fig. 14 — C 5/6, K 5050, 31.7, 105.6 (65/8). 

Matonisporites phlebopteroides n. sp.; Pl. 20, fig. 15 — C 34/2, K 5003, 47.6, 107.0 (62/30); fig. 16 — C 27/9, K 992, 43.3, 108.2 
(65/26); fig. 17 — C 8/2, K 5140, 47.9, 106.2 (36/11). 

Monosulcites carpentieri DEL. and Sprum.; Pl. 26, fig. 26 — C 47/1, K 5009, 45.9, 96.2 (65/20); fig. 27 — C 30/11, K 994, 40.4, 
101.9 (65/22). 

Monosulcites minimus Cooxson; Pl. 26, figs. 23, 24 — C 27/7, K 987—988, 36.9, 105.4 (65/36); 39.2, 107.6 (65/35); fig. 25 — C 46/2, 
K 5006, 36.2, 100.7 (65/19). 

Monosulcites subgranulosus n. sp.; Pl. 26, fig. 28 — C 106/2, K 5131, 49.1, 98.3 (67/3); fig. 29 — C 106/1, K 5040, 27.8, 99.4 (65/39); 
fig. 30 — slide prepared by Dr. G. Erprman, K 5059, 38.6, 104.4 (68/25). 

Monolites spp.; Pl. 25, fig. 18 — C 33/4, K 5001, 49.3, 112.6 (65/17); fig. 17 — C 5/7, K 963, 39.7, 98.5 (65/14). 

Osmundacidites wellmanii Couper; Pl. 16, fig. 4 — C 26/2, K 980, 51.4, 107.7 (64/19); fig. 5 — C 33/4, K 5002, 47.9, 101.1 (65/24). 

Pagiophyllum connivens KENDALL; Pl. 28, fig. 1 — V 29 561 c (B.M.N.H.), 38.4, 104.7 (35/32). 

Parvisaccites enigmatus n.sp.; Pl. 30, figs. 3, 4 — C 73/1, K 5021, 45.2, 114.1 (66/28, 29); fig. 5 — C 90/2, K 5033, 42.9, 109.8 
(66/27). 

Parvisaccites radiatus n.sp.; Pl. 29, figs. 5, 6 — C 128/9, K 5096, 28.3, 107.5 (66/23, 24); fig. 7 — C128/9, K 5090, 45.4, 108.7 
(66/25); fig. 8 — C 128/9, K 5091, 47.1, 108.8 (66/26); Pl. 30, fig. 1 — C 128/9, K 5092, 43.4, 113.7 (66/22); fig. 2 — C 128/9, 
K 5093, 34.9, 106.8 (66/21). 

Perinopollenites elatoides n. sp.; Pl. 27, fig. 9 — C 2/6, K 956, 34.5, 108.9 (66/9); fig. 10 — C 134/2, K 5053, 49.8, 111.5 (66/17); 
fig. 11 — C 2/7, K 957, 31.3, 107.5 (66/11). 

Peromonolites asplenioides n. sp.; Pl. 25, fig. 9 — C 125/3, K 5082, 30.0, 110.3 (62/6); fig. 10 — C 18/1, K 5062, 33.7, 99.8 (62/4). 

Perotrilites rugulatus n. sp.; Pl. 25, fig. 7 — C 52/1, K 5013, 46.8, 95.3 (61/18); fig. 8 — C 2/1, K 5141, 29.5, 99.0 (61/17). 

Pilosisporites brevipapillosus n. sp.; Pl. 22, figs. 11, 12 — C 87/1, K 5027, 41.1, 105.1 (44/5, 6). 

Pilosisporites trichopapillosus (THIERGART) DEL. and Sprum.; Pl. 23, fig. 1 — C 18/1, K 5063, 29.0, 99.0 (61/45); fig. 2 — C 125/3, 
K 5083, 23.6, 99.1 (61/44); fig. 3 — C 134/3, K 5055, 42.0, 102.7 (61/46). 
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Pinus cembra Linn. (Recent); Pl. 28, figs. 8, 9 — R 184/1, L 841 a, 30.0, 103.5 (35/6, 63/36). 

Pteruchipollenites microsaccus n. sp.; Pl. 26, fig. 13 — C 90/2, K 5032, 41.0, 101.3 (66/39); fig. 14 — C 104/2, K 5037, 39.6, 105.7 
(66/38). 

Pteruchipollenites thomasii n. sp.; Pl. 26, fig. 10 — C 104/2, K 5034, 36.7, 101.0 (66/37); fig. 11 — C 106.2, K 5133, 48.0, 105.2 
(66/35); fig. 12 — C 106/2, K 5142, 38.1, 93.3 (66/36). 

Pteruchus africanus Tuomas; Pl. 26, fig. 9 — U 244 (H. Hamsuaw Tuomas collection), 44.5, 100.2 (63/32). 

Ruffordia goepperti (Dunk.) SEWARD; Pl. 18, figs. 4-6 — V 2192 (B.M.N.H.), 47.6, 111.4 (68/1, 2); 37.3, 95.7 (68/3). 

Sphagnumsporites psilatus (Ross) n. comb.; Pl. 15, fig. 1 — C 106/1, K 5041; 32.3, 105.1 (65/18); fig. 2 — C 16/1, K 971, 30.2, 
100.4 (64/32). 

Spheripollenites psilatus n. sp.; Pl. 31, fig. 4 — C 155/3, K 5112, 44.8, 107.8 (68/43); figs. 5, 6 — C155/3, K 5113—5114, 29.3 
109.9 (68/41); 30.7, 104.6 (68/44); figs. 7, 8 — C 155/4, K 5115—5116, 36.2, 112.4 (68/39); 36.1, 112.6 (68/40). 

Spheripollenites scabratus n.sp.; Pl. 31, fig. 12 — C 1/4, K 948, 31.1, 100.5 (67/29); fig. 13 — C 1/4, K 949, 39.0, 104.1 (67/28); 
fig. 14 — C 122/4, K 5143, 47.2, 92.8 (67/30). 

Spheripollenites subgranulatus n. sp.; Pl. 31, fig. 9 — C 128/9, K 5095, 32.4, 112.2 (67/34); fig. 10 — C 1/4, K 950, 29.4, 112.7 
(67/33); fig. 11 — C 9/2, K 968, 33.1, 106.3 (67/32). 

Stachypteris hallei Tuomas; Pl. 19, figs. 4, 5 — A 6/2, K 5120 a, 40.3, 111.4 (34/18, 19). 

Thuja orientalis Linn. (Recent); Pl. 31, figs. 1—3 — R 52/4, L 836 a—c, 47.6, 99.9 (68/45); 33.8, 97.3 (68/46); 45.8, 103.2 (68/47). 

Todisporites major n. sp.; Pl. 16, fig. 6 — C 20/3, K 972, 32.1, 109.7 (64/15); fig. 7 — C 20/5, K 975, 43.2, 98.7 (64/13); fig. 8 — 
C 20/5, K 976, 40.7, 102.5 (64/14). 

Todisporites minor n. sp.; Pl. 16, fig. 9 — C 20/5, K 974, 42.9, 101.4 (64/17); fig. 10 — C 20/5, K 977, 51.8, 95.7 (64/16). 

Todites undans (Broncn.) Harris; Pl. 16, fig. 3 — A 2/1, K 70 b, 40.1, 106.8 (34/10). 

Todites williamsonii (BRONGN.) SEWARD; Pl. 16, fig. 1 — A 1/2, K 5117 b, 36.3, 97.3 (63/16); fig. 2 — A 1/1, K 5117 a, 45.0, 110.2 
(63/15). 

Trilites bossus n. sp.; Pl. 25, fig. 11 — C 47/1, K 5008, 50.0, 101.3 (61/19); fig. 12 — C 47/1, K 5010, 29.6, 99.8 (61/20). 

Trilites distalgranulatus n. sp.; Pl. 25, figs. 15, 16 — C 155/3, K 5111, 23.3, 105.2 (68/37, 38). 

Trilites equatibossus n.sp.; Pl. 25, fig. 13 — C 2/6, K 955, 34.8, 108.3 (61/22); fig. 14 — C 2/2, K 5124, 28.2, 109.2 (61/21). 

Trilobosporites apiverrucatus n. sp.; Pl. 21, fig. 11 — C 128/9, K 5086, 37.5, 109.8 (61/13); fig. 12 — C 128/9, K 5094, 47.3, 110.1 
(45/29); fig. 13 — C 124/3, K 5080, 24.0, 105.9 (61/14). 

Trilobosporites bernissartensis (DEL. and Sprum.) R. Por.; Pl. 21, fig. 9 — C 127/3, K 5051, 32.1, 105.2 (45/25); fig. 10 — C 134/3, 
K 5056, 26.5, 97.0 (45/32). 

Tsuga canadensis (Linn.) Carr. (Recent); Pl. 30, figs. 6, 7 — slide 2252 (Bot. School, Cambridge), 36.1, 105.8 (68/7); 46.9, 108.1 
(68/8). 

Tsugaepollenites mesozoicus n. sp.; Pl. 30, fig. 8 — C 73/2, K 5022, 52.2, 114.3 (67/25); figs. 9, 10 — C 73/2, K 5025—5026, 47.8, 
113.0 (67/26); 46.7, 97.6 (67/27). 

Voltzia (?) heterophylla Broncn.; Pl. 28, fig. 10 — A 9/4, K 1086 g, 36.3, 108.1 (35/2). 

Williamsoniella coronata Tuomas; Pl. 26, fig. 22 — A 10/1, K 5122, 46.8, 105.4 (35/16). 
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Explanation of Plates 


All specimens are illustrated by photomicrographs and are at a magnification of 800 X unless otherwise stated. 
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Plate 15 


Sphagnumsporites psilatus (Ross) n. comb.; fig. 1 — slide C 106/1, proximal view (Lias); fig. 2 — slide C 16/1, 
proximal view (Middle Jurassic); p. 131. 

Calamospora mesozoica n. sp.; fig. 3 (holotype) — slide C 2/6, specimen K 954, proximal view, 48 « (Middle 
Jurassic); fig. 4 — slide C 33/4, proximal view (Middle Jurassic); p. 132. 

Isoetes alpinus T. Kırk (microspore); slide 1612, Botany Division, N.Z.D.S.I.R. (Recent); p. 104. 
Lycopodiumsporites cerniidites (Ross) DEL. and Sprum.; figs. 6, 7 — slide C 106/3, proximal and distal view of 
same specimen (Lower Lias); figs. 8, 9 — slide C 122/3, proximal and distal view of same specimen (Middle 
Jurassic); p. 132. 

Lycopodiumsporites clavatoides n. sp.; figs. 10, 11 (holotype) — slide C 106/2, specimen K 5129, proximal and 
distal view of same specimen, 38 « overall (Lower Lias); figs. 12, 13 — slide C 52/1, proximal and distal view 
of same specimen (Middle Jurassic); p. 132. 

Lycopodiumsporites gristhorpensis n. sp.; figs. 14, 15 (holotype) — slide C 1/6, specimen K 953, proximal and 
distal view of same specimen, 35 u excluding papillae (Middle Jurassic); fig. 16 — slide C 73/2, distal view 
(Middle Jurassic); p. 133. 

Marattia salicina SMITH (spores); slide 2709, Botany Division, N. Z.D.S.I.R. (Recent); p. 106. 

Marattiopsis anglica Tuomas (spore); slide A 3/1, specimen K 5118 (Middle Jurassic, Roseberry Topping); p. 105. 
Marattisporites scabratus n. gen.; n.sp.; fig. 20 (holotype) — slide C 44/1, specimen K 5004, 33 « (Middle 
Jurassic); figs. 21, 22 — slides C 33/4 and C 3/1 (Middle Jurassic); fig. 23 — slide C 104/2, showing poorly 
developed trilete scar (Middle Jurassic); p. 133. 


Plate 16 


Todites williamsonii (BRONGN.) SEWARD (spores); fig. 1 — slide A 1/2, specimen K 5117b (Middle Jurassic of 
Yorkshire, exact locality unknown); fig. 2 — slide A 1/1, specimen K 5117a, cluster of spores from same 
specimen; p. 107. 

Todites undans (Broncn.) Harris (spore); slide A 2/1, specimen K 70b (Middle Jurassic of Yorkshire, exact 
locality unknown); p. 108. 

Osmundacidites wellmanii Couper; fig. 4 — slide C 26/2, proximal view (Middle Jurassic); fig. 5 — slide 
C 33/4, distal view (Middle Jurassic); p. 134. 

Todisporites major n. gen.; n.sp.; fig. 6 (holotype) — slide C 20/3, specimen K 972, proximal view, 70 u 
(Middle Jurassic); figs. 7, 8 — slide C 20/5, proximal views (Middle Jurassic); p. 134. 

Todisporites minor n. sp.; fig. 9 (holotype) — slide C 20/5, specimen K 974, proximal view, 40 « (Middle 
Jurassic); fig. 10 — slide C 20/5, proximal view (Middle Jurassic); p. 135. 

Anemia phyllitidis (L.) Swartz (spores); fig. 11 — mature, fully developed spore; fig. 12 — less well deve- 
loped spores; fig. 13 — poorly developed spore; all from slide R 181/2, specimens L 838 a—c (Recent); p.111. 


Plate 17 


Anemia colwellensis CHANDLER (spores); slide A 4/1, specimens K 5123 a—c (Eocene, Dorset); p. 110. 
Ruffordia goepperti (Dunk.) SEwWARD (spores); slide V 2192, British Museum (Nat. Hist.), Wealden; p. 109. 
Appendicisporites tricornitatus WrYLAND and GREIFELD; fig. 7 — slide C 148/1 (Wealden); figs. 8, 9 — slide 
C 131/7, proximal and distal view of same specimen (Wealden); p. 135. 

Cicatricosisporites dorogensis R. Por. and GELL.; fig. 10 — slide C 18/4 (Wealden); fig. 11 — slide C 124/2, 
specimen with finer ribbing (Wealden); fig. 12 — slide C 18/1, a probable poorly developed form, compare 
with Pl. 2, fig. 12 (Wealden); p. 136. 

Cicatricosisporites dunrobinensis n. sp.; figs. 13, 14 (holotype) — slide C 106/1, specimen K 5038, oblique 
distal view (low and high focus) of same specimen, 62 “ (Lower Lias); fig. 15 — slide C 106/2, oblique proxi- 
mal view (Lower Lias); p. 137. 


Plate 18 


Cicatricosisporites brevilaesuratus n. sp.; fig. 1 (holotype) — slide C 128/9, specimen K 5085, proximal view, 
107 u; figs. 2, 3 — slide C 128/9, oblique proximal and distal view (Wealden); p. 136. 
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Plate 19 


Lygodium articulatum A. Ricu. (spore); slide 1061, Botany Division, N. Z.D.S.I.R., proximal view (Recent); 
piles 

Klukia exilis (Puituirs) Racrgorski (spores); slide A 5/2, specimen K 5119 a, proximal and distal view of same 
specimen (Middle Jurassic, Yorkshire, exact locality unknown); p. 109. 

Stachypteris hallei Tuomas (spores); slide A 6/2, specimens K 5120a, proximal and distal views (Middle 
Jurassic, Yorkshire, exact locality unknown); p. 109. 

Klukisporites variegatus n. gen.; n. sp.; fig. 7 (holotype) — slide C 47/1, specimen K 5007, equatorial view, 
56 «in equatorial diameter (Middle Jurassic); fig. 6 — slide 25/5, oblique distal view (Middle Jurassic); p. 137. 
Klukisporites pseudoreticulatus n. sp.; figs. 8, 9 (holotype) — slide C 134/3, specimen K 5054, proximal and 
distal view of same specimen, 35 « (Purbeck Beds); fig. 10 — slide C 124/2, proximal view (Wealden); p. 138. 
Gleichenia circinata Swartz (spores); slide 2486, Botany Division, N.Z. D.S.I.R., proximal and distal view 
of same specimen (Recent); p. 113. 

Gleicheniidites senonicus Ross; fig. 13 — slide C 27/9 (Middle Jurassic); fig. 14 — slide C 131/7 (Wealden); 
fig. 15 — slide C 88/1 (Middle Jurassic); p. 138. 


Plate 20 


Cyathea pubescens METT. ex Kunn. (spores); slide L 832 b—d, Sedgwick Museum, oblique equatorial views 
(Recent); p. 114. 

Dicksonia mariopteris WıLson and YaTEs (spore); slide V 31 079, British Museum (Nat. Hist.), proximal view 
(Middle Jurassic); p. 113. 

Eboracia lobifolia (Puitt.) THomas (spore); slide V 31092a, British Museum (Nat. Hist.), proximal view 
(Middle Jurassic); p. 114. 

Coniopteris hymenophylloides (Broncn.) (spores); slide A 7/1, specimens K 5121 a, b, proximal and equatorial 
views (Middle Jurassic); p. 114. 

Coniopteris tatungensis Sze. (spore); slide V 29 235, British Museum (Nat. Hist.), oblique proximal view of 
distorted specimen (Middle Jurassic); p. 115. 

Cyathidites australis Couper; slide C 131/6, proximal view, laesurae split open (Wealden); p. 138. 
Cyathidites minor Couper; fig. 9 — slide C 44/1, proximal view (Middle Jurassic); fig. 10 — slide C 88/2, 
proximal view (Middle Jurassic); p. 139. 

Matonia pectinata R.Br. (spores); slide R 180/1, specimens L 837 a, b, proximal and equatorial views 
(Recent); p. 117. 

Matonisporites equiexinus n. gen.; n. sp.; fig. 13 (holotype) — slide C 5/5, specimen K 960, proximal view, 
50 « (Middle Jurassic); fig. 14 — slide C 5/6, proximal view (Middle Jurassic); p. 140. 

Matonisporites phlebopteroides n. sp.; fig. 15 (holotype) — slide C 34/2, specimen K 5003, proximal view, 70 u 
(Middle Jurassic); fig. 16 — slide C 27/9, proximal view (Middle Jurassic); fig. 17 — slide C 8/2, proximal 
view (Middle Jurassic); p. 140. 


Plate 21 


Cheiropleuria bicuspis (BL.) Pres. (spores), slide R 182/ 1, specimens L 839 a, b, equatorial and polar views 
(Recent); p. 119. 

Dictyophyllum rugosum L. and H. (spores); slide A 8/3, specimens K 857 d, e, equatorial and polar views 
showing raised commissures and margo (Gristhorpe Beds, Yons Nab, Yorkshire Middle Jurassic); p. 117. 
Dictyophyllidites harrisii n. gen.; n. sp.; fig. 6 (holotype) — slide C 20/3, specimen K 973, proximal view 
showing raised commissures and margo, 50 «u (Middle Jurassic); fig. 5 — slide C 48/8, equatorial view 
(Middle Jurassic); p. 140. 

Leptolepidites major n. sp.; fig. 7 (holotype) — slide C 28/5, specimen K 993, proximal view, 50 u (Middle 
Jurassic); fig. 8 — slide C 5/6, distal view (Middle Jurassic); p. 141. 

Trilobosporites bernissartensis (DEL. and SPRUM.) R. Poronis; fig. 9 — slide C 127/3, proximal view, laesurae 
split open (Purbeck Beds); fig. 10 — slide C 134/3, equatorial view, showing distinct apical thickening (Pur- 
beck Beds); p. 141. 

Trilobosporites apiverrucatus n. sp.; fig. 11 (holotype) — slide C 128/9, specimen K 5086, proximal view, 92 u 
(Wealden); fig. 12 — slide C 128/9, proximal view (Wealden); fig. 13 — slide C 124/3, proximal view, less 
lobate specimen (Wealden); p. 142. 
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Plate 22 


Concavisporites punctatus DEL. and Sprum.; figs. 1 and 3 — slide C 124/2, proximal views (Wealden); fig. 2 — 
slide C 124/2, equatorial view, showing raised commissures (Wealden); p. 142. 

Concavisporites variverrucatus n. sp.; fig. 4 (holotype) — slide C 124/2, specimen K 5068, polar view, 62 u 
(Wealden); fig. 5 — slide C 127/4, specimen with more sparsely spaced verrucae (Purbeck Beds); p. 142. 
Concavisporites subgranulosus n. sp.; slide C 4/2 (holotype), specimen K 959, proximal view, 38 « (Middle 
Jurassic); p. 143. 

Foveotriletes microreticulatus n. sp.; fig. 7 (holotype) — slide C 57/1, specimen K 5017, distal view, showing 
sculpture pattern, 85 « (Middle Jurassic); fig. 8 — slide 57/2, proximal view (Middle Jurassic); p. 143. 
Foveotriletes irregulatus n. sp.; fig. 9 (holotype) — slide C 109/2, specimen K 5047, proximal view, 52 u 
(Kimeridgian); fig. 10 — slide C 109/2, distal view (Kimeridgian); p. 143. 

Pilosisporites brevipapillosus n. sp.; figs. 11, 12 (holotype) — slide C 87/1, specimen K 5027, proximal and 
distal view of same specimen, 36 «, excluding papillae (Middle Jurassic); p. 144. 


Plate 23 


Pilosisporites trichopapillosus (THIERGART) DEL. and Sprum.; fig. 1 — slide C 18/1, long spines developed all 
over spore (Wealden); fig. 2 — slide C 125/3, long spines, developed only at apices and bordering laesurae 
(Wealden); fig. 3 — slide C 134/3, short spines developed all over (Purbeck Beds); p. 144. 

Lygodioisporites perverrucatus n. sp.; fig. 4 (holotype) — slide C 87/3, specimen K 5029, oblique equatorial 
view, 75 u (Middle Jurassic); fig. 5 — slide C 87/1, proximal view (Middle Jurassic); p. 144. 

Densoisporites perinatus n. sp.; figs. 6, 7 (holotype) — slide C 27/9, specimen K 989, proximal view, high and 
low focus, 65 « overall (Middle Jurassic); fig. 8 — slide C 27/9, proximal view (Middle Jurassic); fig. 9 — slide 
C 10/3, showing less well developed laesurae (Middle Jurassic); p. 145. 


Plate 24 


Cingulatisporites complexus n. sp.; fig. 1 (holotype) — slide C 124/2, specimen K 5069, showing hyaline 
cingulum, outline of cingulum rather obscured by debris in preparation, 100 « overall, 75 « excluding 
cingulum (Wealden); fig. 2 — slide C 124/2, showing polygonal bases of spines in surface view; p. 145. 
Cingulatisporites dubius n. sp.; figs. 3, 4 (holotype) — slide C 73/1, specimen K 5020, proximal view, high and 
low focus, 85 overall (Middle Jurassic); fig. 5 — slide C 73/2, proximal view (Middle Jurassic); p. 146. 
Cingulatisporites valdensis n. sp.; fig. 6 (holotype) — slide C 131/6, specimen K 5102, proximal view, 45 u 
overall (Wealden); fig. 7 — slide C 18/1, proximal view (Wealden); p. 146. 

Cingulatisporites foveolatus n. sp.; figs. 8, 9 (holotype) — slide C 138/6, specimen K 5107, distal and equa- 
torial focus of same specimen, 60 « overall (Aptian); fig. 10 — slide C 138/6, proximal view; p. 146. 
Cingulatisporites problematicus n. sp.; fig. 11 (holotype) — slide C 27/7, specimen K 981, proximal view, 52 u 
overall (Middle Jurassic); fig. 12 — slide C 56/1, distal view (Middle Jurassic); fig. 13 — slide C 8/6, distal 
view (Middle Jurassic); p. 146. 


Plate 25 


Cingulatisporites rigidus n. sp.; fig. 1 (holotype) — slide C 106/3, specimen K 5042, proximal view, 52 u over- 
all (Lower Lias); fig. 2 — slide C 106/1, proximal view; p. 147. 

Cingulatisporites scabratus n. sp.; fig. 3 (holotype) — slide C 106/2, specimen K 5130, proximal view, 39 u 
overall (Lower Lias); fig. 4 — slide C 106/5, equatorial focus; p. 147. 

Cingulatisporites pseudoalveolatus n. sp.; fig. 5 (holotype) — slide C 50/5, specimen K 5012, proximal view, 
75 u overall (Middle Jurassic); fig. 6 — slide C 52/1, proximal view (Middle Jurassic); p. 147. 

Perotrilites rugulatus n. sp.; fig. 7 (holotype) — slide C 52/1, specimen K 5013, oblique proximal view, 86 « 
(Middle Jurassic); fig. 8 — slide C 2/1, distal view (Middle Jurassic); p. 147. 

Peromonolites asplenioides n. sp.; fig. 9 (holotype) — slide C 125/3, specimen K 5082, oblique equatorial 
view, 52 “ excluding perispore (Wealden); fig. 10 — slide C 18/1, equatorial view (Wealden); p. 148. 

Trilites bossus n. sp.; fig. 11 (holotype) — slide C 47/1, specimen K 5008, polar view, 32 u (Middle Jurassic); 
fig. 12 — slide C 47/1, polar view; p. 148. 

Trilites equatibossus n. sp.; fig. 13 (holotype) — slide C 2/6, specimen K 955, proximal view, 46 « overall 
(Middle Jurassic); fig. 14 — slide C 2/2, proximal view; p. 148. 
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Trilites distalgranulatus n. sp.; slide C 155/3, specimen K 5111 (holotype), proximal and distal view of same 
specimen, 38 « (Aptian); p. 149. 

Monolites spp.; fig. 17 — slide C 5/7, profile (side) view; fig. 18 — slide C 33/4, proximal view (both Middle 
Jurassic); p. 149. 


Plate 26 


Caytonanthus arberi (Tuomas) Harris (pollen grains); fig. 1 — slide V 25 903 g, British Museum (Nat. Hist.), 
group of grains at edge of pollen sac; figs. 2—6 — slide V 29 469, British Museum (Nat. Hist.), polar views 
showing characteristic body shape (all Middle Jurassic); p. 119. 

Caytonipollenites pallidus (REISSINGER) n. gen.; n. comb.; fig. 7 — slide C 16/1 (Middle Jurassic); fig. 8 — slide 
C 138/6 (Aptian); p. 150. 

Pteruchus africanus Tuomas (pollen grain); slide U 244, Dr. H. Hamsuaw Tuomas collection, polar view of 
grain at edge of pollen sac (Molteno Beds, South Africa, ? Middle Jurassic); p. 121. 

Pteruchipollenites thomasii n. gen.; n. sp.; fig. 10 (holotype) — slide C 104/2, specimen K 5034, proximal view, 
body of grain 62 u long and 50 uw broad (Middle Jurassic); figs. 11, 12 — slide C 106/2, polar views (Lower 
Lias); p. 150. 

Pteruchipollenites microsaccus n. sp.; fig. 13 (holotype) — slide C 90/2, specimen K 5032, distal view showing 
markedly elongated body and incipient bladders, body of grain 68 «u long and 45 « broad (Middle Jurassic); 
fig. 14 — slide C 104/2, distal view (Middle Jurassic); p. 151. 

Androstrobus manis Harris (pollen grains); slide V 25 899d, British Museum (Nat. Hist.), distal and side 
views (Middle Jurassic); p. 122. 

Androstrobus wonnacotti Harris (pollen grains); slide V 25 850 a, British Museum (Nat. Hist.), distal and side 
views (Middle Jurassic); p. 122. 

Ginkgo biloba Linn. (pollen grains); slide R 10/3, specimens L 834 a, b (Recent); p. 123. 

Ginkgo huttonii (STERNBERG) HEER (pollen grain); slide V 27 499 a, British Museum (Nat. Hist.), distal view of 
grain at edge of pollen sac (no better specimens was available for illustration) (Middle Jurassic); p. 123. 
Williamsoniella coronata Tuomas (pollen grain); slide A 10/1, specimen K 5122, distal view (Middle Jurassic); 
joy: WANE, 

Monosulcites minimus Cookson; figs. 23, 24 — slide C 27/7, distal and oblique distal views (Middle Jurassic); 
fig. 25 — slide C 46/2, distal view (Middle Jurassic); p. 157. 

Monosulcites carpentieri DEL. and Sprum.; fig. 26 — slide C 47/1, specimen K 5009, distal view, 58 « long 
(Middle Jurassic); fig. 27 — slide C 30/11, distal view (Middle Jurassic); p. 158. 

Monosulcites subgranulosus n. sp.; fig. 28 (holotype) — slide C 106/2, specimen K 5131, distal view, 66 « long 
(Lower Lias); fig. 29 — slide C 106/1, distal view; fig. 30 — specimen K 5059 on slide prepared by Dr. 
G. ERDTMAN from Lower Lias shale at Palsjo, N. W. Scania; p. 158. 


Plate 27 


Brachyphyllum mamillare Broncn. (pollen grains); slide V 27554a, British Museum (Nat. Hist.) (Middle 
Jurassic); p. 129. 

Araucariacites australis Cooxson; fig. 3 — slide C 9/1 (Middle Jurassic); fig. 4 — slide C 33/4 (Middle 
Jurassic); fig. 5 — slide C 124/2 (Wealden); p. 151. 

Cunninghamia lanceolata (LAMBERT) Hook f. (pollen grain); specimen L 842 (Recent); p. 129. 

Elatides williamsonii (BRoNGN.) SEwARD (pollen grains); preparation by Professor T. M. Harris from specimen 
V 28 481, British Museum (Nat. Hist.) (Middle Jurassic); p. 129. 

Perinopollenites elatoïdes n. sp.; fig. 9 (holotype) — slide C 2/6, specimen K 956, 52 u excluding perine 
(Middle Jurassic); fig. 10 — slide C 134/2, showing pore (Purbeck Beds); fig. 11 — slide C 2/7 (Middle 
Jurassic); p. 152. 


Plate 28 


Pagiophyllum connivens KENDALL (pollen grain); slide V 29 561 c, British Museum (Nat. Hist.), grain project- 
ing from edge of pollen sac (Middle Jurassic); p. 130. 

Classopollis torosus (REISSINGER) n. comb.; figs. 2—4 — slide C 27/7, distal views; fig. 5 — slide C 27/7 proxi- 
mal view (all from ,,Pagiophyllum connivens bed“, near Cloughton Wyke, East Yorkshire, Middle J racer 


figs. 6, 7 — slides C 127/5 and C 7/6, tetrads, with grains showing distinct equatorial thickenings (Purbeck 
Beds and Middle Jurassic); p. 156. 
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Pinus cembra Linn. (pollen grains); slide R 184/1, specimens L 841 a, middle and low focus of same grain 
(Recent); p. 152. 


Voltzia (?) heterophylla Bronen. (pollen grain); slide A 9/4, specimen K 1086 g, oblique proximal view (Upper 
Triassic); p. 131. 

Abietineaepollenites microalatus R. Poronté; figs. 11, 12 — slide C 128/10, distal view of same grain at low 
and high focus, showing outline of body of grain and bladder reticulation (Wealden); fig. 13 — slide C 128/10, 
distal view (Wealden); p. 152. 

Abietineaepollenites minimus n. sp.; slide C 128/10, specimen K 5097 (holotype), distal view, low and high 
focus of same specimen, body 33 u long, 38 u broad (Wealden); p. 153. 


Plate 29 


Abietineaepollenites dunrobinensis n. sp.; fig. 1 (holotype) — slide C 107/6, specimen K 5046, oblique distal 
view, 200 # approximately in overall breadth (Lower Lias); fig. 2 — slide C 107/5, smaller, folded specimen; 
Joy, JUS. 

Dacrydium cupressinum SoLanp. ex Forst. f. (pollen grain); slide 2314, Botany Division, N. Z.D.S.I.R., 
distal views, showing radial thickenings of bladders (Recent); p. 154. 

Parvisaccites radiatus n. gen.; n. sp.; figs. 5, 6 (holotype) — slide C 128/9, specimen K 5096, oblique proximal 
and distal view of same specimen, breadth of body, 50 « (Wealden); figs. 7, 8 — slide C 128/9, equatorial and 
distal views of specimens with poorly developed bladders (Wealden); p. 154. 


Plate 30 


Parvisaccites radiatus n. gen.; n. sp.; slide C 128/9, equatorial views of specimens with better developed 
bladders than those of the holotype (Wealden); p. 154. 

Parvisaccites enigmatus n.sp.; figs. 3, 4 (holotype) — slide C 73/1, specimen K 5021, high and low focus of 
same specimen, 62 “ in overall length (Middle Jurassic); fig. 5 — slide C 90/2, proximal view (Middle 
Jurassic); p. 154. 

Tsuga canadensis (Linn.) Carr (pollen grains); slide 2252, Botany School (Sub-Department of Quaternary 
Research), Cambridge, polar views (Recent); p. 155. 

Tsugaepollenites mesozoicus n. sp.; fig. 8 (holotype) — slide C 73/2, specimen K 5022, oblique distal view, 
70 # overall (Middle Jurassic); figs. 9, 10 — slide C 73/2, distal views; p. 155. 


Plate 31 


Thuja orientalis Linn.; slide R 52/4, specimens L 836 a—c (Recent); p. 159. 

Spheripollenites psilatus n. gen.; n. sp.; fig. 4 (holotype) — slide C 155/3, specimen K 5112, 23 « (Aptian); 
figs. 5, 6 — slide C 155/3 (the apparent pore in fig. 5 is a mineral grain, slightly out of focus); figs. 7, 8 — slide 
C 155/4; p. 159. 

Spheripollenites subgranulatus n. sp.; fig. 9 (holotype) — slide C 128/9, specimen K 5095, 19 « in diameter 
(Wealden); figs. 10, 11 — slides C 1/4 and C 9/2 (Middle Jurassic); p. 158. 

Spheripollenites scabratus n.sp.; fig. 12 (holotype) — slide C 1/4, specimen K 948, 34 « (Middle Jurassic); 
fig. 13 — slide C 1/4; fig. 14 — slide C 122/4, tetrad (Middle Jurassic); p. 158. 

Ascarina lucida Banks and SoLanb. (pollen grains); fig. 15 — group of grains; figs. 16, 17 — high and low 
focus of same grain; fig. 18 — specimen figured in fig. 17, at a magnification of 1600 X to show the tectate 
exine; all from slide 318, Botany Division, N. Z.D.S.1.R. (Recent); p. 159. 

Clavatipollenites hughesii n. gen.; n. sp.; figs. 21, 22 (holotype) — slide C 128/9, specimen K 5087, 29 « long 
and 18 « broad, fig. 22 is the holotype specimen at a magnification of 1600 X to show the tectate exine 
(Wealden); figs. 19, 20 — slide C 124/2 (Wealden); p. 159. 

Eucommiidites troedssonii ERDTMAN; figs. 23, 24 — slide prepared by Dr. G. ERDTMAN from the type locality 
at Palsjo, N.W. Scania, specimens K 5057 and K 5058 (Lower Lias); fig. 25 — slide C 21/3 (Middle Jurassic); 
fig. 26 — slide C 104/2 (Middle Jurassic); fig. 27 — slide C 27/7 (Middle Jurassic); p. 160. 
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Plate 15. 


Palaeontographica. Bd. 103. Abt. B. 


British Mesozoic microspores and pollen grains. 
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Plate 16. 


R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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Palaeontographica. Bd. 103. Abt. B. 
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British Mesozoic microspores and pollen 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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Palaeontographica. Bd. 103. Abt. B. 
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Palaeontographica. Bd. 103. Abt. B. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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Plate 28. 


Palaeontographica. Bd. 103. Abt. B. 


British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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R. A. Couper: British Mesozoic microspores and pollen grains. 
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